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This thesis describes the formation of iridium 
fluoroacyl compounds by reaction of XeF2 with Ir(I) 
compounds, and the reactivity of some of these 
fluoroacyl species. 
Reactions of [Ir(CO)3L 2 ] [AsF 6 ] with XeF2 led to the 
fluoroacyl compounds [Ir(CO)2(COF)FL2J[AsF 6 ] for L = 
PEt3, Pile3, PNe2Ph, PEt2Ph and PEtPh 2 but not for L = 
PliePh2, PPh3 and PCy3. Reactions of [Ir(CO)(Pble3)4][Cl] 
and Ir(CO)2C1(Pfle 3 ) 2 with XeF2 led to fluoroacyl 
containing 	iridium compounds but reaction 	of 
Ir(CO)2Cl(PPh3)2 with XeF2 did not. 
Reaction of [Ir(CO)2(COF)F(PEt 3 ) 2 1[BF 4 ] with SiH3CN, 
S1H3NCS 	and 	S1H3NCO - led 	to 	-the 	complexes - 
[Ir(CO)2(C(0)]ç)F(PEt3)21[BF 4 ], X = C, NCS, NCO. 
SiH3N(PF 2 ) 2 , SiH3NIIe 2 , Me3SjH, FIe3SiCl and SiH3Br were 
also reacted with [Ir(CQ)2(CQF)F(PEt 3 ) 2 1[3F 4 j. 
Reaction of [Ir(CO)2(COF)F(PEt3) 2 ][3F 4 ) with BF3 
gave [Ir(CO)3F(PEt 3 ) 2 ][BF 4 ] 2 . This compound was reacted 
with Nl'1e3, PNe3, SNeEt, Pr4NC1, LiA1(OBut) 3 H, PEt3 and 
AsH 3 . In these reactions there was evidence for both 
nucleophilic attack at coordinated carbonyl ligands and 
for fluoride migration onto a carbonyl ligand. 
Products were characterised using 19F, sap, 13 C and 
1H n.m.r. spectroscopy using suitable isotopic 
enrichments where appropriate. When isolated, products 
were further characterised by I.R. spectroscopy. 
(v) 
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In transition metal chemistry, the process of 
oxidative addition(') can be represented by the 
following general equation: 
LMr+ + x 	 ) LM(n+2)+XY 
The reverse process is called reductive elimination. 
Three requirements are generally recognised to 
be necessary for oxidative addition to take place in 
this manner. 
Two vacant coordination sites on the metal (M). 
The metal must be in an oxidation state (n) such 
that there is an available (n+2) state. 
Non-bonding electron electron density on the 
metal. 	- 	 - 	- 
Oxidative addition is not restricted to metal 
chemistry and is found in a variety of main group 
compounds. e.g. 
TeF4 + C1F 	) TeF5C1( 2 ) 
PF3 + C12 	) PC12F3(3) 
C1F3 + F2 	 ) ClF 5 m 
The oxidative addition reactions most studied 
however, are those of the late transition elements most 
importantly those with dB or dlO configurations in four 
or five coordinate geometries e.g. FeO, Ru°, Q0, RhI, 
In, PdII, PtII, NiO, PdO, Pta (5).. 
This 	extensive 	study arises 	from the 
recognition 	of the importance of 	these 	addition 
reactions 	in homogeneous 	catalysis. 	For 	example 
hydrogenation ( 67 ), 	 hydroformylation( 6 ) 	and 	olefin 
-2- 
dimerisation( 8 ), all involve oxidative addition as a key 
step. 
Vaska's compound (Ir(CO)C1(PPh3)2() and its 
analogues 	have proved especially useful as 	model 
compounds for study. Variation of the halide and 
substitution of PPh3 for a variety of other phosphines 
has allowed investigation of a range of related 
compounds to identify key properties associated with 
oxidative addition reactions. These reactions can 
readily be followed by monitoring the change in 
o f tie r tL4 f- Se 
carbonyl stretch in the I.R. spectrum or Vphosphi ne 
n.m.r. chemical shift. 
Vaska's and related compounds have been 
aUoweto 
V reac t 	with 112, 02, olefins, acetylenes, alkyl halides, 
acyl halides, 	hydrogen halides, 	mercuric halides, 
anè 
4thalogens (5,9,10,11,12), 
In general, it has been found that the ease 
with which d8 metals undergo oxidative addition 
increases upon descending a triad or on passing from 
right to left across the • eriodic <.ble ( 13) . Also, any 
ligand which increases electron density at the central 
metal will facilitate addition by stabilising the higher 
oxidation state. Thus more basic phoshpines will enhance 
the likelyhood of addition Occurring. Steric properties 
of ligands are also important as bulky ligands may 
decrease the ease of addition. 
Mechanisms of Oxidative Addition 
(i) Four-coordinate Metal: 
-3- 
Several mechanisms have been reported along with 
supporting evidence for each. Often the mechanism of one 
type of 4-11trc will be different with different metal 
systems or under varying conditions of -solvent, 
temperature etc. There is evidence for competing 
mechanisms in some cases, each of which can be favoured 
under particular conditions. 
If the reaction occurs by a concerted process, the 
addition is necessarily cis914 and can be viewed as 
taking place via a three centre transitition state. 
.H 	t 
I R 
-- 	 -- 	 - 
This 	highly ordered transition state is 	in 
accordance with the high enthalpies and entropies of 
activation of these reactions and a rate dependence 
which is first order in both subtrates. This mechanism 
seems to dominate mainly for non-polar addenda such as 
H2 and halides. For molecules which remain connected by 
one or more bonds after addition, e.g. 02, olefins, 
acetylenes, cis addition is obviously essential. 
Addition of alkyl halides have been 
extensively studied giving rise to both cis and trans 
products. Often chiral species have been used to provide 
mechanistic information. 
Some cis additions have been explained by a 
mechanism similar to that above. The large solvent 
dependence is explained by SN2 type dipolar interaction 
-4- 
between metal and addendum, and by large deformation in 
the 3-centred transition state.jll) Furthermore, in some 
studies, retention of configuration at the chiral carbon 
centre has been reported(15), supporting a mechanism of 
this nature. 
SN2 type reactions have also been used to 
rationalise inversion of configuration at chiral carbon 
(17,18) and may lead to cis or trans products. Many 
reactions of Vaska's analogues proceed in this 
way C 1 9 2 0 
This mechanism often appears to compete with a 
radical process (chain or non-chain), leading to a loss 
of stereospecificity at carbon in chiral addends(16). 
The involvement of radicals in one case has been 
verified by e.s.r. spectroscopy(21). 
In many instances the solvent is important, 
for example Ir(CO)Cl(PMe2Ph)2 reacts with Mel in benzene 
to give exclusively the trans product, but in methanol 
mixed products are obtained due to the breakup of the 
ion pair( [MeM1[I] - ) in the more polar sovent( 7 0). 
(ii)Five-Coordinate Metal: 
Two pathways for addition to five-coordinate species 
hasie been recognised. 
Firstly, addition is proposed via a mechanism 
involving prior dissociation of one of the coordinated 
ligands resulting in a more reactive four-coordinate 
complex which can undergo addition as detailed above. 
e.g.(22) 1. = PCy3 
-5- 
L 	1+ 	r 	L 
I 	 IHI 





-Co 	 I +H2 	I NI 	I 
I CO 	 I III J N I I 	Cal 
[L [ 	L 	I L L 
The species [ir(CO)3(PCy 3 ) 2 ]+ and [Ir(CO)2(PCy 3 ) 2 ] 
both give the same product on H2 passage. 
Labilisation of an inert ligand may. be brought 
about by heating or irradiating a five-coordinate 
complex. Within the Fe, Co and Ni groups, the tendency 
for a five-coordinate complex to lose a ligand increases 
upon descending a triad or on passing from left to right 
across the periodic table.c 10, 23 Thus, for example, the 
lability of the pentacarbonyls towards CO dissociation 
is Os > Ru > Fe (13), 
One example of this is the catalytic activity 
for hydrogenation of Fe(CO) 5 above 1800C: the 
temperature required to extrude a carbonyl ligand and 
form Fe(CO)4- Os(CO)5 on the hand reacts with H2 at 
temperatures as low as SOOC. 
Os(CO) 5 + 112 	-CO 	Os(CO)4112 
The second mechanism proposed is believed to 
dominate for polar and electrophilic addends such as 
hydrogen halides, alkyl halides and halogens. It is 
believed to proceed via stepwise addition, the second 
step resulting in neutral ligand loss. 
?I(n)L 5 + AB - 	) [ M(n+ 2 )L5A J+ [B] - 	- L > ,M(r1+2)L4AB 
For example 12 reacts with Os(C0)3(PPh3) 2 to form 
[Os(CO)31(pph3) 2 ]+[I] - 	which 	can be 	isolated 	or 
MM 
converted to Os(CO)212(PPh3)2 with CO loss upon heating 
at 60 0 C.( 24 ) 
Xenon Difluoride 
Xenon difluoride was first prepared in 1962 
by Chernick(25) and has since been prepared by a variety 
of routes. In general these involve a mixture of xenon 
and fluorine activated by some means, for example 
thermally, photochemically or electrically. 
The ratio of xenon to fluorine is kept high to 
minimise the formation of higher fluorides. This is also 
achieved by freezing out the XeF2 before reaction can 
occur. (26) 
In both solid and gaseous phases, XeF2 is a 
linear molecule containing three equatorially arranged 
lone pairs. In the solid phase, the molecules are 
arranged parallel to each other with a xenon-fluorine 
bond length of 2.00 A. (27) As might be expected, xenon 
does not form strong bonds with any element, fluorine 
included, but the formation of XeF2 is exothermic (-109 
KJmol - 1) (28) due in part to the low strength of the F-F 
bond. This supports the observed fluorinating power of 
XeF 2 , a mild fluorinating agent, in contrast to F2 which 
reacts directly with nearly all elements. 
The bonding in the molecule can be approached 
in two ways.(29) Firstly, by a valence bond approach, 
J-0 OCCUf 
expanded valence shells of xenon are considered Vvia 
promotion of one electron to a 5d orbital. This gives 
rise to hybridisation of the type spd 	aUows 	a 
-7- 
linear molecule with three lone pairs as observed. This 
approach has been applied to higher fluorides of xenon 
and successfully predicts the non-octahedral arrangement 
of XeF6 (seven electron pairs) . The main flaw however is 
the required promotion energies of the electrons which 
are extremely large. 
Alternatively, a molecular orbital approach 
can be taken in which the fluorines give rise to group 
orbitals A1 9 , Aid. Only the latter will find its 
symmetry match among the xenon valence orbitals. Thus to 
a first approximation there is one bonding and one non-
bonding eletron pair. 
SCSCSC_ 
so 	ce l'  
so De 4WOit 
This rationalisation avoids the difficulties with 
promotion energies and controversy over d-orbital 
involvement but becomes inadequate when it predictes an 
octahedral geometry for XeF 5 . Thus both approaches have 
advantages and limitations. 
Xenon 	difluoride 	has 	been 	utilised 
synthetically as a mild fluorinating agent, much initial 
work, being done on organic compounds such as aromatic 
hydrocarbons, alkenes, alkynes and norbornenesao 
6 + XeF2 6— + HF + Xe 
XeF2 + CH2CH2 	)CH2FCH2F + CH3CHF 2 + CH2FCHF 2 
Reactions with substituted benzenes followed 
WE 
the usual product distribution of electrophilic aromatic 
substitution i.e. ortho and para sustituted products 
dominating for electron donating k-groups. The reaction 
is catalysed by HF and believed to proceed via radical 
intermediates. e.g. 
XeF2 + HF + C6H6 	>HF2 	+ XeF + C 5 H6 
Free radical intermediates have also been proposed to 
account for the product distribution in addition 
reactions. 
XeF2, particularly when used in conjunction 
with HF, has proved an important inorganic fluorinating 
agentH 31 This is in part due to the relative ease of 
preparation of XeF2 and the ready removal of elemental 
xenon, the other product of reaction. In addition, by 
comparison with other xenon fluorides, it is safe to 
handle as dangerous Xe(IV) compounds are avoided. 
Transition metal and main group elements oxides and 
halides have been fluorinated in this way to yield 
binary fluorides. Examples include NiF2, MoP6, A5F5, 
RuF5, M0F6( 31 ). 
One important reaction type undergone by 
xenon difluoride is the formation of adducts with 
fluoride ion acceptors such as VP5, SbF5, NbF5, TaP5 
XeF2 + VP5 	) XeF2.VF5 
XeF2 + 2SbF5 	) XeF2.2SbF5 
Both 	fluoride bridged 	( FXeFMF5 	and 	ionic 
([FXe][MF6]) structures have been proposed to explain 
these( 32 ) and it has been suggested that there should be 
ME 
a gradation of ionic character. In the series XeF2.MF5 
(1'l=Sb,Ta,Nb), vibrational studies have supported an 
ionic interpretation but with increasing covalent 
character 	XeF2.SbF5 < XeF2.TaF5 	< 	XeF2.NbF5H 33 
Electrical conductivity data of melts of these adducts 
have shown them to be weakly ionisedH 34 ) 
Transition Metal Fluorides and Carbonyl Fluorides 
Despite 	comprehensive investigations 	into 
transition metal chemistry in the last 30 years, 
relatively few transition metal fluoride complexes have 
been prepared. This is due, not to any inherent 
instability in these species, but because fluorinations 
have generally been carried out directly using F2 or 
halogen fluorides which tend to be destuctive. More 
recently, milder, inorganic fluorides have been used to 
carry out more selective fluorinations leading to a 
range of new complexes. 
Studies have been carried out in the last 
several 	years on reactions of main group binary 
fluorides such as Nfl, AsF3, SF4 and XeF2 with soUJo't 
late transition metal species. For example, some of 
these fluorides have shown a tendency to undergo 
oxidative addition reactions. 
Ir(CO)Cl(PEt3)2 + SF4 	) Ir(C0)C1F(SF3)(PEt3)2 (35) 
M(CO)Cl(PEt3)2 + NF2C1 	YM(CO)Cl2(NF2)(PEt3)7 	(36) 
N = Rh, Ir. 
Xenon difluoride has been used to fluorinate 
main group ligands attached to coordinatively saturated 
metals • ( 37, 38 
-10- 
Ir(CO)Cl2(PEt3)2PF2 + XeF2 	)Ir(CO)0l2(PEt3)2PF4 
Ir(CO)BrH(PEt3)2PH2 + XeF2 	)Ir(CO)BrH(PEt3)2PF2H2 
Transition metal carbonyl fluorides are extremely 
rare and only a few well characterised species are 
known. Their lack of stability arises from the 
preference of fluoride ligands for high oxidation state 
metals and carbonyls for low oxidation state metals. 
This has led to the prediction that only certain 
stable configurations are possible, generally governed 
by the requirements of an 18 electron d6 system. Other 
stoichiometries would therefore arise from a combination 
of these fundamental building blocksH 39 ) 
For example, in the most closely studied system ) 
that of rhenium, (39. 40, 41) the fundamental units are 
Re(CO)5F, (Re(CO)6] and ReF (x4.5,6) with 
intermediate 	formulae species not being 	observed. 
Complexes of the nature [Re(CO)6][ReF6] and 
Re(CO)5F.ReF5 have been explained in terms of these 
units. 
Further well characterised examples which support 
this system include [Cr(CO)sF]m [W(CO)5F]( 4243 ), 
[Ru(CO)3F2.RuF5]2 and [Ru(CO)3F2]4 (44 ' 71) , both of the 
latter containing the 18 electron unit -F-Ru(CO)3F2. One 
main exception however is the complex Ru(CO)3F3, 
formally a 17 electron species. 
n.m.r. Spectroscopy 
Multinuclear n.m.r. spectroscopy is the technique 
used to the greatest extent in this thesis. When dealing 
-11- 
with air-sensitive and often temperature—sensitive 
species which were difficult to isolate, low temperature 
n.m.r. frequently provided the only source of structural 
data. Owing to the natural suitability of these 
compounds to n.m.r. investigations (containing 31 P and 
100% spin nuclei) and the use of informative 
isotopic enrichments, the structure of many species 
could be unambiguously assigned by this technique alone. 
The basic theory of n.m.r. has been thoroughly 
covered in many textbooks and reviews and will not be 
reproduced here( 4546, 4 7 ) . The diagnostic significance 
of most coupling constants and chemical shifts will be 
discussed as they arise, but one important feature of 
coupling constants has implications throughout this 
work, iiome 
in transition metal systems, coupling between two 
nuclei positioned trans to each other is much larger 
than two of the same nuclei in a cis arrangement.( 48 ) 
For example in the compound below(4 9 ) 2 3H'P 
16.8 Hz (cis) and 23HP = 110.0 Hz (trans). 
PEt3 
H' 
OC 	Ir 	P''H2BC13 
I ' P'H2BC13 
PEt3 
The structural arrangement of many complexes can be 
therefore deduced. 
Transition Metal Acyl Compounds 




where R is an organic group or hydride are well 
established in orga.nometallic chemistry and may be 
prepared by several routes. 
The most important and synthetically exploited of 
these are the organometallic migration reactions. (50) 
M—00 	________ LM—00 
P 	 P 
Examples involve a wide variety of metals and 
migrating ligands 
RC0(C0)4 + L 	)(RC0)Co(C0)3L( 1 ), P=hydrocarbon 
PMn(C0)5 + Co 	)(RCO)Mn(C0)5( 50 ) 
P = Me, Et, n-Pr, CH2S1Me3 
This has found important use in the catalysis of 
hydroforinylation reactions for converting olefins to 
aldehydes ( 51 52) 
Stereochemical 	studies on the products 	have 
indicated that the reaction proceeds via a methyl 
migration step rather than carbonyl insertion, the acyl 
carbon originating from the original metal coordination 
sphere. A coordinatively unsaturated intermediate is 
often indicated by the kinetic data although there can 
be an incoming ligand dependance implying a competing 
mechanism. 
Decarbonylation of these species can often be 
achieved thermally, to a lesser extent photolytically 
and by chemical means using a CO abstracting metal 
-13- 
complex to yield the corresponding alkyl species. 
Transition metal acyl species have also arisen 
through addition reactions to metal centres, as outlined 
previously, by compounds such as acyl halides. e.gH53) 
Ir-Cl(N2)(PPh3)2 + PhCH7(CO)Cl—Ir((CQ)CH 2 ph)Cl 2 (pph 3 ) 2 
The five coordinate iridium complex above, when 
stirred in solution, displays the reverse of the 
migration reaction to givethe six coordinate complex 
Ir(CO)(CH7Ph)C12(Pph 3 ) 2 , an indication of the reduced 
preference for migration to occur on descending a 
triad ( 54 
Reactions between transition metal anions and 6+ 
acyl fragments have also yielded acyl complexes. 
RCOX + [Co(CO) 4 ]- 	) (RCO)Co(CO) 4 + X- (55) 
(CF3CO) 2 0 + NaIln(CO) 5 	9(CF3CO)Mn(CO) 5 + NaOCOCF 3 (5) 
0 
CH3COCOC1 + Nafln(CO)s-..->(CQ) s Mn_c( 	 (57) 
C=O 
"Cl 
The first metal formyl complex was synthesised in 
a similar manner(58) from the reaction of Fe(CO)42 with 
acetic formic anhydride. 
[Fe(CO)4]2 - + H(CO)O(CO)CH3 	-) [Fe(CO)4C(H)o] - 
Migration reactions have not led to 	formyl 
complexes possibly due to the equilibrium lying 
predominantly on the side of the metal hydride or a 
kinetic barrier in the forward rate. 
The route which has been found most synthetically 
applicable is that of hydride donation to a metal 
carbonyl which has been used to prepare a wide range of 
-14- 
formyls ofvarious metals.( 59,60 ) e.g. 
Fe(CO)5 + (C1430) 3 B11 - 	), [Fe(CO)4C(H)01 - 
Ir(CO)3(PPh3)2+  + R3B}1 - 
(Decomposes at -300C) 
Interest in these has centred around their use as 
models for intermediates in carbon monoxide reduction 
processes. 
The 	formyl 	 osmium 	 complex 
Os(cO) 2 C1(PPh 3 ) 2 (c(H)o)61 has been prepared by 
hydrolysis of Os(CO)2Cl(PPh3)2(C(h)SMe) and decomposes 
at room temperature to yield Os(CO)2HC1(PPh3)2. It has 
been proposed that this formyl complex is an 
intermediate in the reaction of Os(CO)3(PPh 3 ) 7 with HC1 
to give Os(CO)2Cl2(PPh3) 2 as the complex 
Os(CO)2HC1(PPh3) 2 cannot be involved due to its 
inertness, to further attack by HC1. This proposal for 
formation of a formyl group by oxidative addition 
however remains unproven. 
The first metal fluoroacyl complex was formed by 
reaction of Ir(CO)3(PEt3)2+BF 4 - with XeF 2 .(62) 
PEt3 	 PEt3 	- +BF4 -  
I CO 	 oc 
OC—Ir 	 XeF2 	F—Ir—CO 
co 
C(0)F 
PEt3 	 PEt3 
In the abscence of air and moisture, the product 
is stable in solution up to room temperature. This novel 
reaction is formally an oxidative addition: 
Ir(I) 	Ir(III), but the coordination number around 
-15- 
iridium only increases by one with no ligand loss. 
Addition can be viewed as occurring across a formal 
iridium carbon double bond. 
Ir=C0 + XeF2 	)Ir—CO 
F F 
The Fluoroacyl Group in Organic Chemistry 
Fluoroacyl compounds can be viewed as derivatives of 
carboxylic acids and their chemistry is closely linked 
with that of other carboxylic acid halide derivatives. 
As replacement of the halide is often the most useful 
application of acid fluorides, they generally show 
analagous reactions and products to acid chlorides and 
have seldom been used for special purposes. 
The fluoroacyl group undergoes ready hydrolysis( 63 ) 
to the parent carboxylic acid. This can proceed 
spontaneously or be catalysed by H or OH - . 
RCOF + H20 	>RCO 2 H + HF 
For this reason fluoroacyl compounds must be handled 
with the exclusion of air using Schlenk or vacuum 
techniques. 
The fluoride can be attacked by a variety of Lewis 
acids, for example BF3, A5F3, SbF5, PF5(64). This leads 
to species of an ionic nature ([RCO][BF4]-) although 
the coordination complex RC(F)O---NF3 1 5 has been 
identified as a minor product. These species act as 
acylating agents for a range of organic C,O,N and S 
groups. e.g. 
RSH + R'COMF€ 	)RSC(0)R + HF + MF5 
-16- 
Acylation of aromatic species has also been achieved 
using Lewis acids as catalysts( 65 ). e.g. 
AlCl s 
RCOF + C6H6 	 ) 
Subtle variations in product distribution can be 
achieved by the use of different acid halides as 
acylating agents. 
A useful synthetic application which utilises the 
strong Si-F bond involves reaction with trimethylsilyl 
derivatives. This leads to ?Ie3SiF formation, a 
thermodynamically favoured species, and derivc±isation 
of the acyl fragment. i.eH 66 ) 
RSiMe3 + R'COF 	)R'COR + FIe3SiF 
The -COF group shows characteristic spectroscopic 
features useful in a study of these compounds. For 
example the 19F resonance comes at typically high 
chemical shift in an n.m.r. ananlysis( 67 . 68 ). The infra 
red spectra show an unusually low value for the C-F 
stretch and high value for C 0 stretch( 69 ). One proposed 
explanation for this is that the modes are vibrationally 
coupled. Alternatively, this effect could be viewed as a 
reduction in the ionic character of the -CO group 
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Chapter 2 - 
Reactions of [Ir(CO)3(L)2] with XeF2 
L = PEtn. PHect. P11e,Ph, PEtPh. PEtPh 
PMePh2, PPh3, PCy3 
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Introduction 
The use of phosphine ligands to probe transition 
metal reactions is well established and arises from 
several important properties of the phosphines. Each 
phosphine possesses unique steric and electronic 
properties and a study involving a range of analogous 
phosphine complexes can reveal important information 
concerning the steric and electronic requirements of a 
reaction 
Soluble phosphine complexes contain a useful 31P 
n.m.r. handle. The position of the signal is 
characteristic of both the phosphine and its enviroment. 
In oxidative addition reactions, phosphines which 
are positioned trans in the four or five coordinate 
metal reactant usually remain trans in the oxidised 
product. Thus the phosphines provide a means of 
simplifying the possible reaction products and reducing 
the number of side reactions. 
The most frequently used measure of the steric 
properties of a phosphine is the cone angle (0) as 
defined by Tolman('). For a phosphine PR3, this is 
defined as the apex angle of a cylindrical cone centred 
2.28 A from the centre of the phosphoriz 	atom which 
lust touches the the Van Der Waals 	radii of the 
outermost sustituent atoms. For an unsymmetrical ligand 
PR 1 R 2 R 3 , a model is used to minimise the sum of half 
angles. 
To quantify the electronic properties of a phosphine 
in a transition metal complex it is necessary to 
24 
distinguish between a and it interactions with the metal. 
The a-bonding has widely been quantified by the pK 8 
value of the conjugate acid R3PH which obviously cannot 
involve a it component( 2 - 3 ) . This a component has been 
shown however to involve a steric component and a 
measure which accounts for this (Ad) has been proposed 
for work involving accurate comparison of numerical 
values( 4 ). it-bonding has been shown to be significant 
only for phosphines with strong electronegative 
substituents e.g. P(OMe)3 (it-acceptor) or more electron 
donating trialkyl phosphines (it-donor). 
[Ir(CO)3(PEt3)2][3F4] + XeF2 
This reaction which produced the first metal 
fluoroacyl species, was first studied by Ebsworth 5 ) and 
has been repeated in this work using about 10-20% 
enriched carbonyls on the iridium in order to record a 
high quality 13C  n.m.r. spectrum. The reaction was 
carried out at room temperature and spectra recorded at 
-90°C. 
The 19 F n.m.r. spectrum showed a triplet ( 2 Jp a p = 
32Hz) of narrower doublets ( 3 JFaFb = 14Hz)at -393.8 ppm 
which is in the region associated with fluorine bound to 
iridium( 6 ) and a doublet ( 3 JFaFb = 14Hz) at +132.4 ppm 
consistent with an acyl fluoride. 'The 31 P n.m.r. showed 
a doublet ( 2 Jp8p = 32Hz) at +2.85 ppm. These results 
were consistent with the published values corresponding 
to the structure below, which was originally confirmed 







The 13C n.m.r. 	(fig 2.1) consisted of the 
expected three resonances. Chemical shifts were 
consistent with carbonyls bound to iridium(?). Results 
are summarised below. 
	
óCa = 151.0 ppm 	2 Jca?a = 62 Hz 
2 JCaP = 6.5 Hz 
3 Jcapb = 6.5 Hz 
= 153.4 ppm 	2 Jcb a = 9 Hz 
2 JCbP = 9 Hz 	 - 
JcbFb = 424 Hz 
6C c = 162.6 ppm 	2 JCCFa = 15 Hz 
2 jccp = 7 Hz 
33CcFb = 47.5 Hz 
In the previous study, where only a low quality, 
natural abundance 1 3C n.m.r. spectrum was obtained, the 
coupling of 47.5 Hz in the resonance at 162.6 ppm was 
assigned to 2 JCIFI. The 15 Hz coupling was not resolved. 
In this work however, the detection of 13 C satellites of 
the acyl fluoride resonance in the 19F n.m.r. spectrum 
confirmed the assignment of this value to the trans 
3 JCCFb coupling (47.5 Hz) with the cis 2 Jccra equal to 
15 Hz. This three bond coupling of 47.5 Hz is 
surprisingly large compared with a typical trans 2 JCF of 













involving other groups in addition to fluorine. When 
compared with the trans coupling 2 JCaFa (62 Hz), the 
cis coupling 23 CcFa (15 Hz) is a value more consistent 
than the originally assigned value of 47.5 Hz with what 
would be expected for a cis two bond carbon fluorine 
coupling. 
The resonance at 153.4 ppm also shows peaks which 
can be tentatively assigned as carbon satellites giving 
a value of 61 Hz for 2JCCCb. 
The 19 F( 1 H) and 3 'P('H} n.m.r. spectra showed no 
differences from the literature values(5) when A5F5 - was 
used as a counterjon. 
In addition to the fluoroacyl species there was 
evidence for the formation of the cis-difluoride species 
below (table 2.2). 
PEt3 	- 	BFr 
0C 	I 
PEt3 
In the 19 F{ 1 H) n.m.r. spectrum of the difluoride 
material a triplet ( 2 Jcp = 33 Hz) was observed at -346 
ppm and in the 31 P( 1 H) n.m.r. spectrum there was a 
corresponding triplet at +18.7 ppm. The chemical shift 
of the fluoride resonance is indicative of a cis 
difluoride as a trans difluoride would be expected to 
have much lower chemical shift(8). A value of -346 ppm 
however is typical of fluoride positioned trans to a 
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carbonyl group(89). The difluoride species was a very 
minor product of the reaction and gave too weak a signal 
to be detected in the 13C n.m.r. spectrum. 
[Ir(CO)3(PMe3)21[AsF61 + XeF7 
Reaction occurred at 245K to give resonances in the 
19F('H} n.m.r. spectrum (fig 2.2,2.3,2.4) consistent 
with the formation of a fluoroacyl species analogous to 
the previous reaction (see table 2.1). The resonance at 
-174.9ppm corresponds to unreacted XeF2. 
satellites were detected with 1Jx2? = 5586 Hz. No 
decomposition of this product was observed on warming to 
room temperature. A triplet at -343 ppm was also 
observed, analogous to that for the cis-difluoride 
species recorded in the previous reaction (table 2.2), 
but this species did not give a signal strong enough to 
be detected in the 'P('H) n.m.r. spectrum. The 31P(1H) 
n.m.r. spectrum of the fluoroacyl species was recorded 
at room temperature and gave a doublet (table 2.1) which 
arose from the phosphines coupling to the metal bound 
fluoride. No coupling was resolved between the 
phosphines and the acyl fluorine. 
Upon standing overnight at room temperature a white 
precipitate formed in the n.m.r. tube and both 'F 
resonances associated with the fluoroacyl compound 
disappeared with no growth of new peaks. This solid was 
isolated and I.R. spectrum recorded (table 2.3), showing 
features consistent with [Ir(CO)2F(COF)(PMe3)2][AsF]. 
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FIG 2.2 	(Ir(CO)2(COF)F(PNe3)2][AsFJ 
F('H) n.m.r. spectrum at 270K 
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' 9 F( 2 H) n.m.r.a1 R. T. 
[Ir(C0)3(PFle2Ph)2][AsF6] + XeF2 
Reaction occurred at 240K to produce a fluoroacyl 
species analogous to those previously described (table 
2.1) evident in the 19 F( 1H) and 'P{'}I} n.m.r. spectra. 
In addition there was some evidence in the 19F(1H) 
n.m.r. spectrum for a cis-difluoride species (table 
2.2), at low temperature which decomposed on warming. 
The 31PC1H) n.m.r. spectrum, which was recorded at room 
temperature, showed no sign of this species. 
(Ir(C0)3(PEt2Ph)2] [AsP6] + XeF2 
Reaction occurred at 245K to give resonances in the 
19 F{IH) n.m.r. and 'P('H) n.m.r. spectra (fig 2.5) 
consistent with formation of 
[Ir(CO)2F(COF)(PEt2Ph)2][AsF 5 ] in an analogous manner to 
that previously described (table 2.1). In addition, 
corresponding triplets were observed in the 19 F{ 1 H) and 
'P{'H) n.m.r. spectra (table 2.2) which were assigned 
to the cis-difluoride species 
[Ir(CO)2F2(PEt2Ph)2](AsF6]. 
(Ir(CO)3(PEtPh2)2)[AsF 6 ] + XeF2 
Reaction occurred at 240K to give rise to resonances 
in the 19F(XH) n.m.r. and 31 P( 1 H) n.m.r. spectra 
consistent with the formation of a fluoroacyl complex 
analogous to those described previously (table 2.1). 
Upon warming to room temperature however this species 
slowly decomposed and the only product stable at this 
temperature gave a triplet ( 2 Jpp = 31 Hz) in the 19 F{H} 
n.m.r. spectrum at -339.4 ppm. A corresponding triplet 
32 
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was observed in the 31P(1H) n.m.r. spectrum at +5.7 ppm. 
This provided 'strong evidence for the formation of the 
cis-difluoride species [Ir(CO)2F2(PEtPh2)2I analogous 
to those described previously. 
(Ir(C0)3(PMePh2)21[A5F6] + XeF2 
Reaction took place at 265K to give two weak, broad 
peaks in the 19 F{ 1 H) n.m.r. spectrum at -331 ppm and 
-335 ppm. One of these possibly arises from a cis-
difluoride species similar to those described above. 
No fluoroacyl complexes were detected. The identity 
of the other fluoride complex is unknown. 
[Ir(CO)3(PPh3)2)(AsF6) + XeF2 
Reaction took place at 285 K to give a triplet in 
the 'F{'H) n.m.r. at -335 ppm (J = 30 Hz). This was 
probably due to cis-difluoride formation (table 2.2) but 
the species was unstable and decomposed at this 
temperature to give new singlets at -162 ppm and -150 
ppm which cannot be assigned at present. A resonance at 
-503 ppm also appeared at this temperature but was broad 
and no couplings could be resolved in it. Again no 
fluoroacyl species were detected. 
[Ir(C0)3(P(Cy)21[AsF6] + XeF2 
At 270 K, a weak triplet showed in the 19 F(IH) 
n.m.r. spectrum at -337 ppm but disappeared upon warming 
to room temperature whereupon only singlets at -185 ppm 
and -151 ppm were observed. These signals have not been 
assigned. No fluoroacyl species was formed at any 
temperature during this reaction. 
The 3'P('H) n.m.r. spectrum at 270K showed a triplet 
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with coupling constant corresponding to that for the 
triplet at -337 ppm in the 19 F( 1 H) n.rn.r. spectrum. This 
species was assigned as the cis-difluoride complex 
[Ir(CO)2F2(PCy3)2][AsF 6 ] ( table 2.2). 
Discussion 
(i) Reactivity of the iridium complexes: 
The reactivity of the iridium complexes towards 
fluoroacyl formation appears to be controlled foremost 
by the bas.isity of the phosphines on the iridium. More 
basic phosphines increase electron density at iridium, 
stabilising the higher oxidation state and thus 
enhancing the probability of oxidative addition. The 
observation that the PEtPh2 complex oxidatively adds 
XeF2, whereas the less basic PMeFh2 complex does not, 
despite the smaller phosphine cone angle of the latter, 
illustrates that for these complexes phosphine basicity 
controls the reaction. In keeping with this, the PEtPh2 
complex, which has the least basic phosphines of the 
fluoroacyl complexes prepared, showed the least thermal 
stability as it decomposed at room temperature. 
In contrast to this however, the tricyclohexyl-
phosphine complex does not react with XeF2 despite being 
the most basic phosphine studied. The cone angle of this 
ligand is significantly larger than the other phosphines 
used and it appears that in a situation of high steric 
hindrance, the basicity of the phosphine becomes 
irrelevant as the reaction cannot proceed on steric 
grounds alone. 
35 
The idea of a steric threshold for reactions has 
been proposed 4) to explain much literature data( 1011 ) 
which involves the abrupt onset of a steric influence to 
a series of analogous complexes containing phosphine 
ligands of increasing cone angle. Thus the cone angle of 
a phosphine is irrelevant until it exceeds a value 
governed by the size of the binding site available to 
the ligand. Above this value, steric factors become 
increasingly important. Therefore, once a certain 
phosphine cone angle is reached, the fluoroacyl complex 
does not form, irrespective of electron density at the 
metal. 
(ii) n.m.r. parameters: 
Phosphorus chemical shifts depend on a combination 
of both steric and electronic factors, making them 
difficult to assess. The phosphines used in this study, 
however, have been shown to have chemical shifts which 
depend primarily on the angle between the substituents 
on the phosphor&n. A narrow angle is believed to 
increase s-orbital character in the lone pair on the 
phosphorous, which, being relatively close to the 
nucleus, enhances shielding and lowers the chemical 
shift('). Likewise, coordination to a transition metal 
results in an opening of the angle and a 
2 
 corresponding 
shift to higher frequency. 
The above factors are reflected in the complexes 
studied in this work. Chemical shifts (table 2.1) are 
related to phosphine cone angles which influence the 
angle at phosphorus: between substituents. Coordination 
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chemical shifts ( A =6 complex - 6 free) have been 
tabulated (table 2.4) and, consistent with previous 
studies'), increase as phosphine chemical shift 
decreases. 
Coupling constants are also governed by the 
percentage s-orbital character in the lone pair used in 
binding to the metal. A clear example of this is the 
increase in 2 Jp for the fluoroacyl complexes as we go 
from the widest to the narrowest phosphine cone angles 
(table 2.1). 
Parameters involving the acyl fluoride remain very 
similar across the series reflecting that fluoride's 
position remote from the phosphines. 
(iii) Cis-difluoride formation: 
In several of the reactions above there was evidence 
for 	the formation 	of a 	cis-difluoride 	species 
[Ir(CO)2F2(L)2] (table 2.2). For L = PEt3, PEt2Ph, 
PEtPh2 and PCy3 the evidence is strong, but for P = 
PMe3, Ptle2Ph, P1'lePh2 and PPh3 only 1F n.m.r. data was 
obtained due to the weakness of the signal in the 31 
n.m.r. spectrum for this species. The formation of this 
species presumably reflects the known equilibrium in 
solution' 12) 
(Ir(CO)3(L)2] 	' 	[Ir(CO)2(L)2] 	+ Co 
The four coordinate complex could then add XeF2 in a cis 
fashion. 
The 19F n.m.r. chemical shifts for these compounds 
varies little across the series and shows no clear trend 
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which was similar to the fluoroacyl complexes. The 31 
n.m.r. chemical shifts again reflect the value for the 
free phosphine modified by its coordination to the 
metal. 
(iv) variable temperature n.m.r. 
A series of 19 F n.m.r. spectra run at temperatures 
from 195K to 298K for any of the fluoroacyl species 
described show that the fluoroacyl resonance is 
extremely broad at low temperature but sharpens 
considerably upon warming. At low temperature, 
restricted rotation about the iridium-carbon bond gives 
rise to a variety a of enviroments for the fluorines in 
different molecules leading to a broad n.m.r. signal. At 
higher temperature however, rotation is rapid enough to 
average out these different enviroments for each 
fluorine and a sharp signal is observed. 
[Ir(CO)2F(COF)(PEt3)2][BF4] + HF3 
The Lewis acid HF3 is known to be able to abstract 
fluorine from the ligands of some transition metal 
complexes( 13 ) and also to attack metal bound fluorides 
to give rise to a coordinated BF4 - ligand(l').The 
reaction between HF3 and the iridium complex above was 
therefore studied to determine the susceptibility of the 
fluorines in the complex to attack and abstraction. 
Reaction was carried out using about 10% 13C 
enrichment on the metal carbonyls to fully characterise 
the product obtained. Reaction occurred rapidly at 200K 
to give one product visible in the 'F('H) n.m.r. 
spectrum (fig 2.6) which gave 'F{'H), 31 P( 1 11) and 
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El 
13 C( 1 H) n.m.r. data consistent with the structure given 
below (table 2.5). 




The 1 3 C{ 1 H) n.m.r. spectrum (fig 2.7) consisted of 
two resonances which integrated in a 2:1 ratio. The 
smaller resonance was assigned to Ca and showed a large 
doublet coupling of 47 Hz, indicating that this carbonyl 
was trans to fluorine, in addition to the triplet 
coupling of 5 Hz arising from the cis phosphines. 
The larger resonance arose from Cb and consisted of 
a smaller doublet of triplets, indicating that the Ch 
carbonyls were equivalent and cis to fluorine. 
This molecule is interesting in that it is unusual 
for a metal in a relatively high oxidation state to form 
a complex with so many 'it-acceptor ligands. The stability 
of the compound presumably arises from the rdonating 
fluoride ligand. The complex is formally an 18 elctron 
octahedral species similar to most known stable metal 
carbonyl fluoride complexes 15 ) 
This compound was isolated as an oil by opening the 
n.m.r. tube under nitrogen and transfering the contents 
to a Schlenk tube. Upon recrystallisation however only 
an oily product was obtained from which it proved 
difficult to obtain a satiafactory I.R. spectrum. 
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The complex [Ir(CO)2F(COF)(FEt3)21[3F41 was also 
reacted with two equivalents of BF3 but only the species 
described above was detected in the 19 F{ 1 H) n.m.r. 
spectrum. At no time was any attack on the metal bound 
fluoride observed. 
EIr(CO)3(PPh3)21[AsF6] + XeF2 + BY3 
In order to gain insight into the mechanism of 
5 
oxidation of the iridium cations dfbussed in this 
chapter the above reaction was carried out to indicate 
the nature of the oxidising agent involved. 
If oxidation were occurring initially by attack of 
XeF and not XeF2, then it was believed that an increase 
in the concentration of XeF would lead to a more 
powerful oxidising system. On this basis, although XeF7 
did not react directly with [Ir(CO)3(PPh3)2] to produce 
a fluoroacyl complex, it was hoped that if a more 
powerful oxidising system were used, oxidation of the 
iridium could take place. The implications of this 
reaction on the mechanism are discussed in appendix A. 
The Nernst equation(16) relates the oxidising power 
of a system to the standard emf (Ec) of that system and 
to the activities of the species involved. The activity 
of a species is a concept which takes account of 
deviations from ideality of a species within a 
particular system. In practise, due to the impractical 
nature of measuring activities, concentrations are 
generally used as an approximation. 
For the reaction 
Ir(I)(SOafl) +XeF0i, 	)F—Ir(III)(SOlfl) +Xe( ga s) 
42 
the Nernst equation would be written: 
	
RT 	air(iii) 
E=E° - — in 
nF 	aIr (I 
(a = activity of x, R = 8.3144 JKlmol -1 ) 
As E is related toG of the reaction by the 
expression AG = -nFE°, an increase in XeF activity 
clearly makes this reaction thermodynamically more 
favourable. 
The reaction proceeded gradually from 215K upward to 
give one resonance in the 19 F(lfl) n.m.r. spectrum which 
gave 13 C{ 1 H), 31 P( 1 H), and 19 F( 1H) n.m.r. parameters 
(table 2.5) corresponding to the species below. 
- 





The product was stable up to room temperature but 
upon repeating the reaction it was found that if 
reaction were carried out directly at room temperature 
several other minor species were observed in the 19 F.( 1 H) 
n.m.r. spectrum. The 13 C(lfj) n.m.r. spectrum was 
recorded using about 10-20% 13C enrichment on the 
carbonyls. The n.m.r. spectra were all analogous to 
those for the species [Ir(C0)3F(PEt3)2] 2 t. 
Despite the thermodynamic argument presented there 
is a possibility that a fluoroacyl complex did not form 
for steric reasons. Attack at the metal bound carbonyl 
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may have been blocked by the bulky phosphines and this 
obviously was not relevent in the formation of the 
[Ir(CO)3F(PPh3)2I 2 complex. This is discussed further 
in chapter 5 in the reaction between Ir(CO)2C1(PPh3)2 
and XeF2. 
The pure product was isolated by opening the n.m.r. 
tube in a bucket flushed with argon and transferring the 
contents to a Schlenk tube. The solvent was blown off 
with N2 and the resultant oil triturated with Et70 to 
yield a white solid which turned slowly yellow upon 
exposure to air. 
A nujol mull was prepared under argon and an I.R. 
spectrum recorded giving bands in the carbonyl region at 
2091 cm -1 and 2017 cm -1 . Upon exposure to air or pumping 
these bands diminished and a new band appeared at 2001 
cm -1 . The high frequency of the bands attributable to 
(Ir(CO)3F(PPh3)2} 2 + are consistent with iridium in a 
relatively high oxidation state surrounded by it acceptor 
ligands. This would be expected to reduce the electron 
density on iridium and hence the amount of 'TI backbonding 
to the carbonyls resulting in a strong CO bond and 
correspondingly high stretching frequency. 
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Table 2.1 
N.M.R. 	parameters 	for 	fluoroacyl 	compounds 
(Ir(CO)2(COF)F(L)21+ tabulated against steric and 
electronic parameters of the phosphines. Atom labelling 
system defined on page 26. chemical shifts are in ppm 
and coupling constants in Hz. 
- = no species formed) 
* = not resolved) 
L. piCa S 2 JFaP 3 JFbP 3 JFaFb 6Fa ôFb 6? 
PCy3 9.7 170 - - - - - - 
PEt3 8.69 132 31 2 14 -393.8 +132.4 +2.8 
PMe3 8.65 118 39 * 13 -385.9 +131.9 -23.8 
PNe2Ph 6.50 122 36 * 11 -381.6 +130.2 -23.2 
PEt2Ph 6.25 136 31 * 12 -385.3 +131.5 -5.5 
PEtPh2 4.9 140 29 * 14 -382.1 +129.7 -8.1 
PMePh2 4.57 136 - - - - - - 
PPh3 2.73145 - - - - - - 
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Table 2.2 
N.M.R. 	parameters for 	cis-difluoride 	species 
[Ir(C0)2F2(L)2]. Note that some were only partly 
characterised due to the difficulty of recording 3 'P('H) 
n.m.r. spectra for such weak resonances. Chemical shifts 
are in ppm and coupling constants in Hz. 
* = not detected ) 
L tF SF 2 Jpp other information 
?Cy3 -337 +34.2 30 decomposed above 270K 
?Et 3 -346 +18.7 33 stable at R.T. 
?Me3 -343 * 38 decomposed at R.T. 
?Me2Ph -338 * 34 decomposed at R.T. 
?Et2Fh -344 +8.9 32 stable at R.T. 
?EtPh 2 -340 +5.7 30 stable at R.T. 
PtlePh2 -3351-331 * * stable at R.T. Broad. 
?Ph3 -335 * 28 stable at R.T. 
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Table 2.3 
I.R. parameters in cm -1 for fluoroacyl complexes 






'Pnl,la ) A 
Coordination chemical shifts in ppm for the 
fluoroacyl complexes [Ir(CO)2(C0F)F(L)2}. 
A 
PNe3 118 37 
PNe2Ph 122 25 
PEt3 132 23 
PEt2Ph 136 10 
PEtPh2 140 4 
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Table 2.5 
N.M.R. data for [Ir(CO)3F(L)2] 2 + species. Atom 
labelling scheme defined on page 39. Chemical shifts are 
in ppm and coupling constants in Hz. 
L=PEt3 L=PPh3 
6F -456.0 -429.3 
+10.8 -6.4 
6Ca +141.7 +143.3 
óCb +153.6 +153.2 
2 JFP 30 29 
2 Jcap 47 50 
2 Jcap 5 5 
11 9 
2 JCbP 8 8 
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Chapter 3 
Reactions of [Ir(CO)2(COF)F(PEt3)2] [BY4] 




This section of work was undertaken to replace the 
acyl fluorine inthe complex [Ir(C0)2F(C0F)(PEt3)2] 
with other groups. The iridium complex is soluble in 
polar solvents such as CH2C12 and acetone but insoluble 
in non-polar solvents. Thus reagents were desired which 
were soluble in these solvents and would specifically 
attack at the -C(0)F group and not the solvent. 
SiH3X and Me3SiX compounds (X = halide, 
psuedohalide) are known to attack R-F compounds to give 
SiH3F plus R-X (c.f. example on page 17). 
e.g.(') SiH3C1 + GeH3F 	)SiH3F + GeH3C1 
Furthermore these compounds could be directly condensed 
into the n.m.r. tube which kept reaction procedures 
simple. 
Silane derivatives were therefore chosen to attempt 
acyl fluorine replacement because of their reactivity 
towards fluorine containing species and their convenient 
usage. 
[Ir(CO) 2F(COF) (PEt3)2] (BF4] + SiH3CN 
Reaction occurred at 195K to yield one new metal 
bound fluoride resonance in the 19F n.m.r. spectrum. 
Both resonances for the fluoroacyl species had 
disappeared and a quartet at -210 ppm was also observed, 
which was assigned as SiH3F( 2 ). 
The new species was fully characterised using 19 F, 
31 P( 1 H) and 1 3C(1H) n.m.r. spectroscopy. 13C enrichment 
of about 10% was used on the metal carbonyls and 100% 
13C enrichment was used on SiH3 13CN in order to obtain 
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high quality .  13C n.m.r. spectra. N.m.r. parameters are 
given in table 3.1 and the corresponding structure is 
given below. 





The 19F spectrum showed a triplet at -379.1 ppm 
and confirmed that the acyl fluorine had been removed as 
SiH3F. A corresponding doublet was observed in the 
31 P{ 1 H} n.m.r. spectrum confirming the presence of the 
'.ini 4. 
PEt3 
F  H 
PEt3 
The 13 C('H) n.m.r. spectrum using natural abundance 
SiH3CN (fig 3.1) showed three doublets of triplets in 
the region associated with CO bound to a metal (table 
3.1). A triplet was also observed at +170.3 ppm 
corresponding to unreacted [Ir(C0)3(PEt3) 2 1, which was 
used to generate the fluoroacyl complex. The resonance 
with the significantly largest doublet coupling at 6 = 
+152.4 ppm was assigned trans to fluorine 2FCF = 59 Hz. 
The other two showed doublet couplings of 17 Hz and 14 




2 ](Bp' 4 ] + Sjfj'CN 
3 C('H) n.m.r. at 230K 
UI 
J% 
+19Oppm 	 +lBOppm 	 +170ppm 	 +l6Oppm 	 +l5Oppm 
Firstly this demonstrated that the -CN group had not 
bound directly to the metal as all three CO groups were 
still present. Secondly, as the two CO groups cis to 
fluorine were inequivalent, one of them was necessarily 
bound to an additional group, presumably -CL. 
To confirm the presence of the CN group, the 
reaction was repeated using S1H3 13 CN and the 13 C(JH) 
n.m.r. spectrum recorded (fig 3.2). In this spectrum the 
two carbonyl resonances at +189.1 ppm and +163.7 ppm 
showed additional couplings of 41 Hz and 15 Hz 
respectively. Thus the former was assigned as Cb with 
'Jcc = 41 Hz, a value typical of one bond carbon-carbon 
couplings(3) which confirmed that the CN group was C-
bound rather than N-bound. The latter was assigned as C 
with 3J 	= 15 Hz. Once again a trans three bond 
coupling appears characteristically large. 	The two 
signals between +178 and +183 ppm arise from foldback of 
peaks from other regions of the spectrum. An additional 
resonance was also observed at +109.9 ppm and was 
assigned to the carbon in the CN group. 
This compound decomposed at 270 K and an attempt was 
made to isolate it by pumping off solvent at low 
temperature in the n.m.r. tube. Upon redissolving and 
sealing at low temperature the 19F n.m.r. spectrum was 
recorded and showed no sign of the above species 
suggesting that it decomposed under pumping. 
At 298 K one new resonance appeared in the 19F 
n.m.r. spectrum. This too disappeared after several 
minutes at room temperature. In the reaction using 
55 
FIG 3.2 
[Ir(CO)2(CQF)F(PEt3)2] [B?4] + SiH3CN 
n.m.r. at 230K 
UI 
a' 





SiH3 13 CN, this resonance appeared as a triplet of 
doublets and was assigned as: 
	





2 Jpp = 34 Hz 	 6F = -421 ppm 
23 FC = 9 Hz 
Due to the rapid decomposition of this species, no 
aP n.m.r. spectrum was recorded but it seems that a 
simple thermal decarbonylation has taken place in an 
analogous manner to those discussed on page 13. 
[Ir(CO) 2F(COF) (PEt3)2] [BF4] + SiH3NCS 
Reaction occurred at 195 K to give one new resonance 
in the 19F n.m.r. spectrum in the region associated with 
F directly bound to iridium accompanied by the 
disappearance of both resonances from the starting 
fluoroacyl compound and the appearance of SiH3F. 
In an analogous manner to the previous reaction 
involving SiH3CN, this product was characterised using 
19F, 3'P('H) and 13 C( 1 H) n.m.r. spectroscopy. About 10% 
13C enrichment was used on the metal carbonyl groups in 
order to record a high quality 13C n.m.r. spectrum. 
N.m.r. parameters are given in table 3.1 and the 
assigned structure is given below. 
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PEt3 	 + BFc 
0C 
F 	Ir 	C 8 0 
Cb(0)NCS 
PEt3 
The 19F and 31 P{ 1 H} n.m.r. spectra were extremely 
similar to those for the previous reaction involving 
SiI-I 3 CN but with slight shifts in 6 and J values implying 
an analogous species with CN replaced by NCS. 
The 13C('H) n.m.r. spectrum (fig 3.3) showed three 
doublets of triplets arising from the three unique 
carbonyl groups coupling to F and two equivalent 
phosphines (table 3.1). 
In order to confirm the presence of the- NCS - group - 
and to determine whether it was N-bound or S-bound to 
the CO group, the reaction was repeated using SiH3 1 NCS 
(100% 15N enriched) and a 'C{'H) n.m.r. spectrum 
recorded (fig 3.4). 
The resonance at +163.3 ppm showed an extra doublet 
coupling of 7 Hz, a value consistent with 15N directly 
bound to 13 C( 4 ) . This resonance was assigned as Ci, 
giving 1 JCbN = 7 Hz. The resonance at +164.4 ppm was 
unclear but may show an additional coupling of 3 Hz 
corresponding to 3 JCCN. This resonance was assigned as 
C on this basis. The resonance at +151.6 ppm showed a 
large doublet of 62 Hz confirming it as C, trans to F. 
As expected this resonance showed no change upon 15N 
enrichment. 
This fully characterised the species as 	the 
FIG 3.3 
+ SIH3NCS 
3 C('H) n.m.r. at 230K 
(-'I 
'0 
+lôSppm 	 +160ppm 	 +155ppm 	 +150ppm 
structure given with the NCS group N-bound at the acyl 
Co. 
When the species described above was warmed to 265 K 
and the temperature held there for about 20 minutes, a 
rearrangement took place to give two new singlet 
resonances in the 19F{1H) n.m.r. spectrum at +149.0 and 
+141.8 ppm which are in the region associated with acyl 
fluorine groups (fig 3.5). 
Using about 10% 'C enrichment on the CO groups on 
the metal, two sets of 13C satellites were observed for 
each resonance (table 4.1). The values were consistent 
with 'JCE and trans 33CF values for>each signal, showing 
that the singlets arose from iridium fluoroacyl 
compounds. These species appear to have arisen from 
migration of the metal bound fluoride onto a carbonyl 
group. There is no indication of whether the -C(0)NCS 
group remained intact or if -NCS became attached to the 
metal centre. These products are discussed further in 
chapter 4. 
There were several other, weaker resonances in the 
19F n.m.r. spectrum in the metal bound fluoride region 
indicting that this was not a clean reaction. Due to 
this, an informative 13C n.m.r. spectrum was not 
recorded. 
[Ir(CO)2(COF)F(PEt3)2)[BF4] + SiH3NCO 
Reaction took place at 260K to yield several 
resonances observed in the 19F n.m.r. spectrum 
corresponding to metal bound fluorides. SiH3F was also 
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FIG 3.5 
[Ir(CO)(coF)F(pE€3)](3p 4 ] + S1H3NC3 
n.m.r. at 270K 
tsi 
tiCOppit 	 Oppni 	-i3C;pm 	-200ttrn 	-330DDrn 	-400ttrTi 	-SOODDIt 
detected and the resonances due to the fluoroacyl 
compound disappeared. 
The 	most intense of the 	new 	species 	was 
characterised by 19F, 	31p(1fl) and 13 C( 1 H) 	n.m.r. 
spectroscopy and is shown below. 




N.m.r. data is listed in table 3.1. About 10% 
13C enrichment was used on the carbonyls to record the 
'C('H) n.m.r. spectrum (fig 3.6). C. was assigned due 
to its large trans coupling to F. CL and C were 
observed to be non equivalent, providing evidence for 
the presence of the -NCO group and these resonances were 
assigned by analogy to the species 
[Ir(CO)2(C(0)NCS)F(PEt3)2]+. The close analogy between 
the n.m.r. parameters for these compounds also allows 
the -NCO group to be assigned as N bound to the carbonyl 
with some confidence. 
Upon warming to room temperature all resonances in 
the metal bound fluoride region disappeared. There was 
no evidence at any stage for a rearranged species 
to regenerate a fluoroacyl complex similar to that 
observed in the previous reaction. 
Minor species were also present in the 19 F( 1 H) 
n.m.r. spectrum. A resonance at -453ppm was assigned as 
FIG 3.6 
[Ir(CO)2(COF)F(PEt3):][BF4] + SiH3NCO 
' 3 C( 'H) n.m.r. at 230K 
0' 
+165nnrn 	 +16flnnrn 	 +155DDm 	 +150trorn 
[Ir(C0)3F(PEt3)2] 2 +, 	and 	that 	at 	-348ppm 	as 
[Ir(C0)2F2(PEt3)21. There was also a resonance at 
-412ppm which may have arisen due to a decarbonylation 
process similar to that seen for 
(Ir(C0) 2 (C(0)CN)F(PEt3) 2] + 
[Ir(C0)2F(COF)(PEt3)2][BF4] + S1H3N(PF2)2 
Reaction occurred at 260K to yield several 
resonances in the 19F n.m.r. spectrum in the region 
associated with metal bound fluoride. This was 
accompanied by disappearance of the fluoroacyl 
resonances and growth of SiH3F. The resonances from 
SiH3N(PF2)2 starting material which were observed 
between -54 and -76 ppm( 15 ) diminished as the reaction 
proceeded and many new peaks developed between -24 and 
-76 ppm. 
In the metal fluoride region peaks at -348 ppm and 
-453 ppm were assigned as [Ir(CO)2F7(PEt3)2] and 
[Ir(C0)3F(PEt3)2] 2 + respectively. The main product of 
the reaction gave a fluoride resonance at -422.6 ppm and 
N'. 
31 P{ 1 H) and 13C(1H) n.m.r. data are listed below 
along with the assigned structure. 13 C{ 1}j) n.m.r. data 
was recorded using about 10-20% 13C enrichment on the 
metal carbonyls. 
PEt3 	 1+ BFc 
OC b 
F 	Ir 	C 8 0 
N(PF2) 2 
PEt3 
ÔF = -422.6 ppm 	 2 JFP = 32.5 Hz 
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oP = +9.2 ppm 2JC,F = 60 Hz 
OCa = +149.4 ppm 2 Jcar = 	6 Hz 
OCb = +161.3 ppm 2 JCbF = 14 Hz 
2 JCbF = 7 Hz 
Two resonances in a 1:1 ratio were observed in the 
13 C{ 1 H) n.m.r. spectrum and were assigned as C and Ct,. 
A third signal was recorded at +154.1 ppm but was 
much weaker than the the others and was believed to 
arise due to impurities. On this basis it was not 
believed that an acyl product had been formed. 
No coupling was resolved between the metal bound 
fluoride, phosphines or carbonyl and the nuclei in the 
-N(PF2)2 group which is not unexpected for couplings of 
this range. The presence of this group was inferred by 
the similarity between this reaction and the room 
temperature product in the reaction of 
[Ir(CO)7(COF)F(PEt3)2] and SiH3CN. The species above 
was also shown to decompose at room temperature. The 
-N(PF2) 2 group itself is expected to give rise to a 
second order pattern in the 19F n.m.r. spectrum because 
of the magnetically inequivalent fluorines and a complex 
series of lines was detected arising from this and from 
decomposition products in the region -24 to -76 ppm. 
[Ir(CO)2(COF)F(PEt3)2)[BF4] + $i}33Nfle2 
Reaction occurred at 260K and yielded several 
species in the 19F n.m.r. spectrum in the iridium bound 
fluoride region, accompanied by growth of SiH3F and the 
disappearance of fluoroacyl resonances. 
M. 
The major product gave rise to a signal at -399.4 
ppm in the 1 9 F n.m.r. spectrum and a corresponding 
doublet was observed in the 31 P( 1 H) n.m.r. spectrum at 
+4.5 ppm ( 2 JFP = 31 Hz). This species was unstable above 
260K. No informative 13C n.m.r. spectrum could be 
recorded due to the mixture of products in the tube and 
without this information no full assignment could be 
made to this species. 
Resonances observed at -453ppm and -348ppm 
corresponded 	to 	[Ir(CO)3F(PEt3)2J 2 + 	and 
(Ir(C0)2F2(PEt 3 ) 2 ] respectively. The resonance at 
-410ppm was broad and no coupling details could be 
resolved in it. 
[Ir(CO)2(COF)F(PEt3)2] [BF4] + ?le3SiH 
This reaction did not proceed until warmed to room 
temperature and the species formed was unstable at this 
temperature and had to be recooled to 270K for n.m.r. 
data to be recorded without decomposition. 
One resonance was detected in the 19F(ljj) n.m.r. 
spectrum which was characterised as the complex below. 





ÔF = -433.7 ppm 	 2J11p = 9 Hz 
611 = -8.4 ppm 	 2 JFP = 34 Hz 
2 JHP = 12.5 Hz 
The 19F resonance appeared as a triplet of doublets 
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which became a triplet upon proton decoupling (fig'3.7). 
The 1H resonance also appeared as a triplet of doublets 
in the region consistent with a trans CO group(22) 2 HF 
and 2 JHr were as expected for six coordinate 
Ir(III) (22,23) 
Because of the instability of this complex at the 
temperature required to form it, the yield was poor and 
the n.m.r. signals weak. On this basis and due to the 
need to proton decouple, a 31 P n.m.r. spectrum was not 
recorded as it was felt to be of limited use. 
No formyl species were observed in this reaction, 
possibly because by the temperature required for 
reaction to occur, such a species would be unstable with 
respect to CO loss. The product observed may represent a 
decomposition product of a formyl species which was 
formed at room temperature. 
[Ir(CO)2(COF)F(PEt3)2) [HF4] + I'le3SiCl 
Upon warming, no reaction was observed until 260K 
whereupon fluoroacyl resonances disappeared in the 
n.m.r. spectrum with the corresponding growth of 
?le3SiF and a new resonance at +156.3 ppm. There were no 
species observed in the metal bound fluoride region 
except the expected [Ir(CO)2F2(PEt 3 ) 2 ] peak. 
Upon repeating the reaction using 13C enriched 
carbonyls on the iridium complex, two sets of 
satellites, corresponding to 'Jcp and trans 3 JCF, were 
observed for the resonance at +156.3pprn. This confirmed 
that the signal arose from an iridium bound fluoroacyl 
FIG 3.7 
[Ir(CO)(COF)F(PEt 3 )J [BP'4] + ?Ie3SiH 





eF 	50Hz 	 •C 	50Hz 
group. N.M.R. data for this species and discussion of 
the reaction are recorded in chapter 4 (table 4.1). 
The 31 P( 1 H) n.m.r. spectrum showed a singlet at 
-1.0 ppm, which corresponded to unreacted 
[Ir(CO) 3 (PEt 3 ) 2 ]t, which was used to generate the 
fluoroacyl starting material. Other singlets appeared at 
-7.6 ppm and -8.8 ppm which could not be directly 
assigned from this reaction alone as no coupling to the 
acyl fluorine could be resolved. 
Upon warming above 260K this species was found to 
decompose. 
[Ir(CO)2(COF)F(PEt3) 2 ] [BF4] + SiH3Br 
Reaction took place at 200K to give several species 
in the IF{1H) n.m.r. spectrum along with the 
disappearance of starting material peaks and formation 
of S1H3F. A singlet was observed at +156 ppm analogous 
to that observed in the previous reaction (table 4.1). 
Again upon repeating with 13C  enriched iridium complex, 
satellites were observed corresponding to 1 JCF and trans 
3 SJCF. Unassigned peaks were also observed at -467 ppm 
and -499 ppm. 
The 31 P(IH) n.m.r. spectrum showed a number of 
singlets at -13.1 ppm, -8.6 ppm, +2.8 ppm in addition to 
resonances arising from starting materials. This 
reaction is discussed further in chapter 4. 
Discussion 
Most of the species described in this chapter were 
thermally unstable. In the case of the complex 
[Ir(C0)2(C(0)CN)F(PEt3)2]t instability was shown to be 
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due to the ready loss of Co at room temperature leaving 
the -CN ligand directly bound to the iridium centre. 
This may also have provided a decomposition route for 
the other acyl species. 
Decomposition may also have arisen due to reaction 
of the iridium complex with SiH3F or other fluorosilanes 
resulting from disproportionation of SiH3F. 
In the reactions involving Me3SiH, ?le3SiCl, SiH3NX'1e2 
and SiH3N(PF 2 ) 2 , reaction did not occur until 260K 
and gave rise to products which did not contain an acyl 
group. Unfortunately, the reaction temperature is close 
to the decomposition temperature of the acyl species 
formed. It is possible that the unsuccessful reactions 
would have led to acyl species stable at low temperature 
had the reactions proceeded at lower temperatures. 
The reactions involving SiH3NI'1e 2 and SiH3N(PF2)2 did 
not give rise to high yield characterisable acyl 
complexes. This may be linked to the steric requirements 
of acyl formation, a suggestion that is supported by the 
observation that the acyl species which did farm 
involved less sterically demanding psuedohalide groups. 
The groups -CN, -NCO and -NCS are all capable of 
displaying linkage isomerism by binding via one or other 
end of the group. When directly bound to a metal centre, 
the bonding preference has been shown to depend both on 
the metal and on the ligand set coordinated to it. In 
general, hard metal centres seem to preferentially bind 
to the harder donor in the ambidentate ligand and soft 
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metal centres to the softer donor( 24 ). 
There is no precedent however for extending these 
ideas to apply to ambidentate groups bound to a Co 
ligand more remote from the metal. The linkage displayed 
in the final acyl products is the same as as that in the 
SiH3X reagents used( 25 ) and there is no indication as to 
whether the products are thermodynamically or 
kinetically controlled. Mechanistic information would be 
required to gain any insight into this. 
Discussion of 13C n.m.r. For chapters 2 and S 
For many of the complexes discussed in chapters 2 
and 3 19F and 31P n.m.r. spectra could only give limited 
information concerning the molecular structure of 
products. Full assignment-of many species containing 
acyl groups or carbonyls could not be inferred from the 
chemical shift of a trans fluoride for example, and 
hence 13C n.m.r. was required. There are some 
difficulties 	associated with recording 'c 	n.m.r. 
spectra ( 5, 1 4) 
13C has a natural abundance of about 1%. 
Long spin-lattice relaxation times are usually found 
for carbon atoms with no protons attached such as 	in 
metal carbonyls. This necessitates a long time delay 
between pulses which restricts the number of scans which 
can be accumulated in a given time. 
These problems can be partly overcome by using 13C 
enriched carbonyls on the metal complexes. This was done 
with the (Ir(CO)3(PEt3)2] complex but to avoid 
confusing 13C satellites, enrichment of about 5-15% per 
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carbonyl was the most which could be used in practice. 
As a result, only those reactions which gave one 
dominant product yielded 13 C n.m.r. spectra which were 
of use in assigning reaction products. Furthermore only 
the major product could be assigned in this way. 
In this work, ÔC was observed from +141 to +207 ppm. 
Metal carbonyls are reported to have chemical shifts in 
the region +170 to +290 ppm(6) but there are only a 
limited number of references in the literature on 
compounds of this nature. 
The chemical shift of the carbonyl is reported to 
increase (deshielded) as electron density on the central 
metal increases7 , 8 . This has been explained by 
consideration of the paramagnetic term of the screening 
constant which is believed to dominate for 13C(9) 
nuclei. Arising from this, an empirical correlation has 
been observed for some complexes between oC and the 
carbonyl stretching frequency(8) which also serves as a 
measure of electron density at the metal. 
For example 	in 	the 	series 	of 	complexes 
RhX(C0)2(pph 3 ) 2 ( X = Cl,Br,I ), ÔC increases and CO 
stretching frequency decreases with the heavier 
halogens 10 . There is also a well established trend for 
complexes of the type Ni(CO)3L, Cr(CO)5L and 
Mo(CO)5Lc16 (L = substituted phosphine or arsine) where 
oc increases as electron density at the metal increases. 
Contrary to this, however, there are reports where no 
clear trend has been observed in chemical shift upon 
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changing 	the 	halide. 	e.g. 	RhX(CO)(PPh3)2 10 L 
PtX(CO)(PPh 3 ) 2 (11) ( X = Cl,Br,I ). 
For the complexes [Ir(CO)3F(L)7] 2 t (L = PEt3, PPh3) 
recorded in chapter 2, the chemical shifts are low which 
is consistent with the expected electron deficiency of 
the metal centre of these species and the high carbonyl 
stretching frequency recorded for the latter. On closer 
inspection, however, the 13C trans to fluoride which 
would be expected to be more electron rich due to it 
donation from the fluoride shows the lower 6 in each 
case. Furthermore, no clear trend is displayed between 
the PEt3 complex and the PPh3 complex which has a less 
electron rich metal centre. Thus it appears that these 
species do not follow the trends predicted. 
For the acyl species (Ir(CO)2(COX)F(PEt3)21 	(X = 
F, NCS, NCO, CN) SC would be expected to be influenced 
by the group electronegativity of X. Although the 
concept of group electronegativity is difficult to 
define exactly and often varies according to the 
experiment used to measure it, for the groups in 
this study there is a well defined trend F > NCS NCO > 
CN ( 1 2 1 3 
The carbon cis to the acyl group shows litle 
fluctuation as expected. The carbon trans to the acyl 
group shows no obvious trend associated with 
electronegativity of X. The acyl carbon itself - however 
appears to follow the expected pattern of increasing 6 
with increasing electron density on the carbonyl. 
In conclusion, there is no clear trend associating 
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the carbonyl groups on the metal with the electron 
density experienced by them. 
Due to the lack of data available in the literature, 
cis and trans 2J0p couplings and cis 2 Jcp couplings are 
difficult to rationalise. It was observed however 
that, as expected, trans 2 jcp couplings were about 4-6 
times larger than cis 2 CF couplings. All values 
observed were of similar value to those observed by 
Noreton( 17 ) for six coordinate iridium(III) compounds. 
Discussion of 19F and 31 P n.m.r. 
The chemical shifts of the phosphines in the acyl 
species [Ir(CO)2(COX)F(PEt3)2] (X = F, NCO, NCS, CN) 
remain quite consistent across the series. This is not 
surprising as 6? is expected to be influenced largely by 
the CPC angle at the phosphine as discussed in chapter 
2. The variations which are seen do not seem to 
follow a pattern related to the electronegativity of X 
so it may be that a steric influence of X upon the 
phosphine group is also involved in determining 6?. 
In the 19F n.m.r. spectra there again seems to be 
little correlation between the X group electronegativity 
and fluoride chemical shift. Where F is trans to a 
halide, EF is usually observed to move to lower 
frequency with lighter halides( 18 ). In this situation, 
with psuedohalides or fluorine bonded to a cis carbonyl 
group, there seems to be no direct analogy. 
It has been observed in previous work( 181920 ) that 
for 	six coordinate rhodium and iridium complexes 
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fluorides trans to CO are observed in the region -276 to 
-350 ppm with fluorides trans to a halide coming at a 
much lower chemical shift in the region -364 to -512 
ppm. This is a trend which is mirrored in metal hydride 
chemical shifts(21,22). In this work however, in the 
acyl complexes discussed, fluorides trans to CO have 
been observed in the region -350 to -394 ppm. 
Furthermore in 	the complex [Ir(C0)3F(PEt3)2] 2 + the 
fluoride resonance was as low as -453 ppm. 
This is an unexpected observation which obviously 
makes assignments of the ligand trans to fluoride 
ambiguous in the region below -364 ppm as a trans halide 
or trans carbonyl could give rise to such a chemical 
shift. There-- seems - -no - reason -however to- doubt 
assignments of CO as the trans ligand in the region -276 
to -350 ppm. 
W- 
Table 3.1 
N.M.R. 	parameters 	for 
[Ir(CO)2(COX)F(PEt3)2]+ (X = F, CN, NCS, 
shifts are in ppm and coupling constants 
labelling scheme is defined on page 53. 
he 	species 
NCO). Chemical 
in Hz. Atom 
F CN NCS NCO 
bF -393.8 -379.4 -366.0 -351.7 
+2.85 +0.6 +2.3 +4.2 
6C +151.0 +152.4 +151.6 +151.5 
óCb +153.4 +189.1 +163.3 +163.8 
6C. 	- ±152.5 ±163.7-- +164.4 +1556 
30.5 30.5 30.5 30 
62 59 62 63 
2 Jcp 6.5 6 6 7 
9 17 14 13 
2 JCbP 9.2 8 7 7 
2 JCCF 15 14 9 11 
7 7 9 8 
1 JCbX 424 41 7 - 
47.5 15 3 - 
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Reactions of [Ir(CO)3F(PEt3)2][8F 4
] 2 




Carbonyl ligands bound to a transition metal centre 
are known to be susceptible to nucleophilic attack( 1 ' 2 ). 
Upon coordination the normally electron rich CO becomes 
activated towards nucleophiles with which it would not 
normally react. 
The more electron deficient a metal centre is, the 
more a coordinated CO is activated towards nucleophilic 
attack and an indication of this deficiency can be 
obtained by considering the CO stretching frequency. A 
high frequency CO stretch is indicative of little it back 
donation into the CO it' orbitals due to the elctron 
deficient nature of the metal. Consequently, the CO 
group is less electron rich and more susceptible to 
attack by nucleophiles( 12 ). 
Other factors which encourage attack at CO are 
coordinative saturation which provides a barrier to 
attack at the metal, a formal positive charge on the 
metal complex and it-acceptor spectator ligands which 
help stabilise increased negative charge on the metal. 
- All the above features are properties of the iridium 
complex [Ir(CO)3F(PEt3)2][BF4]2. This complex is unusual 
in having so many it-acceptor ligands around a relatively 
high oxidation state metal (see chapter 2).. The complex 
tlr(CO)3F(PPh3)21[BF4]2 was also characterised and 
appears an excellent target for attack too. It was 
however necessary to form this species at low 
temperature and thus it proved of more awkward practical 
use than its PEt3 analog. 
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The species [Ir(C0)2(C(0)NCS)F(PEt3)2] [B?4] was seen 
in chapter 3 to undergo a rearrangement which involved 
fluoride migration onto a carbonyl. An alternative mode 
of attack of {Ir(C0)3F(PEt3)2] [B?4]2 with an incoming 
nucleophile then would involve migration of the metal 
bound fluoride onto a carbonyl followed by coordination 
of the nucleophile at the metal centre in a process 
analogous to that discussed on page 13. 
[Ir(C0)3F(PEt3)2][BF4]2 + NMe3 
Reaction occurred between NMe3 and BF4 	counterion 
in the temperature range 200K to 240K to form the adduct 
BF3.NF1e3 	and 	regenerate 	the 	species 
[Ir(CO)7F(COF)(PEt3)2] presumably by reaction of the 
title compound with F - . The adduct appeared in the 
I9 FC 1 H) n.m.r. spectrum at -163.6ppm and showed coupling 
Of 'JBF = 16 Hz. 
This reaction is in effect the reverse of that 
between [Ir(C0)2(C0F)F(PEt3)7] [B?4] and BF3 discussed in 
chapter 2. The B?a which was used to remove F - from 
[Ir(C0)2F(C0F)(PEt3)2] was subsequently removed by 
reaction with NIle3. It is not possible to say from this 
reaction whether the acyl fluorine arose by direct 
attack of F - at Co or whether it arose by migration of 
the metal bound fluoride onto CO followed by 
coordination of the free F - at iridium. 
IF 
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The reaction product was solely the isomer in which 
the CO trans to Co was modified. This would be expected 
for a nucleophilic attack at CO on electronic grounds as 
the other CO was trans to fluoride which is a it-donating 
ligand more likely to increase the electron density at 
the ligand trans to it. It is also clearly the product 
which would arise by migration of F - onto a cis CO 
group. The stereochemistry of the product is therefore 
consistent with either mechanism- The implications of 
this on the mechanism of the XeF2 additions in chapter 
1 are discussed in appendix A. 
A new species was also observed in the 19 F( 1 H) 
n.m.r. spectrum at 6 = -411.6 ppm and appeared as a 
triplet with J = 28.2 Hz. This species may arise due to 
some interaction between the NMe3 and the iridium 
complex but was too weak for further characterisation by 
n.m.r. spectroscopy. 
(Ir(CO)3F(PEt3)2][BF4]2 + PMe3 
Initially at 240K, reaction took place in an 
analogous manner to the previous reaction to regenerate 
(Ir(CO)2F(COF)(PEt3)2] and form the adduct PMe3.BF3 
(fig 4.1). The adduct gave a resonance in the 19 F(IH) 
n.rn.r. spectrum at -139.4ppm and showed couplings 1 JBF = 
53 Hz and 2 Jpp = 226 Hz. 
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FIG 4.1 
[Ir(CO)3F(PEtj)2][3F4]z + PNe3 
n.rn.r. spectrum at 240K 
-: 	 Oprr 	 -2007pr. 	- :-.ot;pr 	 -533t7)tt 
OD 
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Upon warming to 260K however, 	a new species 
dominated the 19 F{ 1 H) n.m.r. spectrum (fig 4.2). This 
gave a resonance at S = -387.8 ppm which showed a 
doublet of triplets when observed under narrow spectral 
width. N.M.R. parameters are detailed below along with 
the assigned structure. 
PaEt3 	 It 2BF4 - 
0C 
F 	Ir 	CaO 
Cb (0)Pbt'1e3 
P 8 Et3 
= 29 Hz 
= 37 Hz 
2 JCIF = 58 Hz 
= 6 Hz 
3 Jccpb = 27 Hz 
1 JCb?b = 49 Hz 
= 8 Hz 
SP a = +4.2 ppm 
6Ph = +38.8 ppm 
ÔF = -387.8 ppm 
6C 8 = + 151.3 ppm 
SCb = +161.9 ppm 
6C = +207.2 ppm 
2 Jcbpa = 8 Hz 
Although the above structure appears highly unusual, 
the n.m.r. data obtained offers no apparent alternative 
as discussed below. 
The 19 F( 1 H) n.m.r. spectrum showed a doublet of 
narrower triplets at -387.8 ppm. This arose from the 
metal bound fluoride coupling to the two equivalent 
phosphines ( 2 Jp'pa = 29 Hz) and the PMe3 group. 
The 31 p( 1 H) n.m.r. 	spectrum consisted of two 
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doublets (fig 4.3). One at +4.2 ppm was assigned to Pa, 
having twice the integral of the other at +38.8 ppm, 
assigned to Pb. Both resonances showed doublet couplings 
to the fluoride corresponding to those observed in the 
19 F('H) n.m.r. spectrum. The most significant point to 
note was that no coupling was observed between P and 
Pb. If these had both been bound directly to the iridium 
then a cis coupling of about 10-25 Hz would have been 
expected (as observed in chapter 5). This provides 
evidence for the formation of an acyl group rather than 
CO replacement by PMe3. 
About 10% 1 3C enrichment on the metal 	bound 
carbonyls was used to record a 13C(H) n.m.r. spectrum 
This spectrum showed three resonances in 
approximately a 1:1:1 ratio in the region associated 
with CO bound to iridium. Once again this indicates flle3 
bound to CO rather than CO substitution. The resonance 
at +151.3 ppm showed a large doublet ( 2 Frc a = 58 Hz) of 
triplets ( 2 Jc a p a = 6 Hz). These values were, consistent 
with CO trans to F and cis to the two PEt3 groups. Again 
no coupling was observed to PMe3 supporting the 
placement of this group remote from the iridium centre. 
The resonance at +161.9 ppm consited of a doublet of 
doublets of triplets arising from coupling to the two 
eqivalent PEt3 groups, Fa and one bond coupling to Pb. 
The one bond coupling was low for a one bond C-P 
coupling but within the documented range(3). These 
couplings are expected to be small if the bond is 
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The resonance at +207.2 ppm contained too many 
similar couplings for definite assignment of coupling 
constants. For this reason, the resonance at +38.8 ppm 
in the 31 P( 1 H) n.m.r. spectrum was observed under 
conditions of narrow spectral width to detect 13C 
satellites (fig 4.5). These were weak but detectable and 
confirmed the value of 1 JCbPb = 49 Hz and gave a rough 
value of 3 JCcPb = 27 Hz. This latter value seems 
particularly high but this has been a feature seen 
before in this thesis concerning three bond trans 
couplings to acyl groups. 
To summarise, there were some n.m.r. parameters 
which remained unusual and difficult to explain. 
Cis 3 Jpapb = 37 Hz, a figure higher than cis 23fapa 
It has been observed in this work however that trans 
three bond couplings through an acyl group are high. It 
may not be surprising then to find that other couplings 
transmitted through the acyl group are of unusual 
magnitude. 
6C = +207.2 ppm, a value unexpected when compared 
with the chemical shift of C in analogous species in 
chapter 3. 
There were however key pieces of evidence which 
supported the assigned structure. 
(i) There were seven groups around the iridium yet many 
couplings were typical six coordinate values observed 
before in this and other( 4 ) work e.g. 2 JFpa, 2 Jrc a , 






There were no couplings resolved between Ca and Pb 
or between Pa and Pb which indicated that Pb was not 
bound directly to iridium. 
The chemical shift of Pb was not consistent with 
that of a metal bound PMe3 (typically -35 to -50 ppm, 
see chapter 5). The large shift to high frequency 
however parallels that of other acyl species for example 
formyls( 5 ) and fluoroacyls. 
No other metal species containing the -C(0)PMe3 
ligand have been found in the literature. The closest 
examples are that of coordinated ylides e.g. 
[(C5H5)(PNe3)2Rh-CH2-PNe3]2+(6) which despite obvious 
differences show a precedent for an analogous bond order 
in the ligand. 
The Ir-C(0)PI1e 3 species decomposed above 280K to 
give several weak broad resonances in the 9 F{ 1 H) n.m.r. 
spectrum in the region -380 to -420 ppm. Below this 
temperature however, during the recording of n.m.r. 
spectra, a white precipitate gradually appeared in the 
n.m.r. tube in association with a weakening of the 
n.m.r. signals for the acyl species. 
The precipitate was isolated by opening the n.m.r. 
tube in a bucket flushed continually with argon and 
tipping the contents into a Schlenk tube in which the 
solvent was removed by a stream of nitrogen. This 
resulted in a clear oil which became a white waxy solid 
upon scratching. This was mulled with dried nujol in the 
argon bucket but due to its oily nature a high quality 
mull could not be prepared. An I.R. spectrum was 
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recorded which showed broad bands in the 	regions 
associated with metal bound CO and acyl groups at 2060 
cm - 1, 1990 cm - 1 and 1640 cm -1 . The species isolated was 
not very sensative to air except after prolonged 
exposure which gave rise to further I.R. bands above 
2000 cur'. Upon dissolving in CH2C12 the isolated 
species gave a yellowish solution which gave an I.R. 
spectrum containing many broad bands around 2000 cm -1 . 
The reactions between [Ir(C0)3F(PEt3)2] 2 and Pile3 
or Nile3 differ in the site of attack of the nucleophile. 
The Nile3 attacks the counterion to form the adduct 
NMe3.BF3 whereas, except at low temperature, the Pile3 
attacks the iridium complex. This was as expected 
knowing the affinity of Nile3 for hard, low polarisable 
species such as BF3. Pile3 in contrast, would be expected 
to show a lower affinity for BF3 and is more likely to 
bind to the metal complex( 7 ). 
In the reaction involving PI'1e3 attack has taken 
place specifically by nucleophilic attack at CO. There 
was no evidence for any new fluoroacyl resonances 
arising from migration reactions. - 
(Ir(C0)3F(PEt3)21[BF4]2 + SHeEt 
Upon warming from 200 K, no reaction occurred as 
observed by 19 F{ 1 }{) n.m.r. spectroscopy until at 270 K 
there was evidence of an extremely weak peak at -491ppm 
in addition to the strong peak from the starting iridium 
complex. This remained unchanged at 298K. Upon standing 
at room temperature for about one month the 'F('H) 
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n.m.r. spectrum indicated that the starting complex had 
decomposed and only a very weak peak at -400 ppm was 
present. It seems likely that any reaction which was 
occurring was slow and resulted in products which were 
unstable over a long period at room temperature. 
[Ir(C0)3F(PEt3)2][BF4]2 + Pr4NC1 
Pr4NC1 was dried by pumping on a vacuum line for 
several hours before use. Upon reaction with the title 
iridium complex at 200K the resonance due to 
(Ir(C0)3F(PEt3)2] 2 disappeared from the 19 F( 3.}4) n.m.r. 
spectrum and several weak new peaks grew in intensity in 
the metal bound fluoride region at -466.9ppm, 
-398.3ppm and -359ppm. Resonances were also observed in 
the acyl fluorine region at +141.7ppm and +149ppm (table 
4.1). 
Upon warming to 250K the metal fluoride resonances 
decreased greatly in intensity and the resonances above 
+140ppm became the most intense signals (fig 4.6). The 
31 P{ 1 14) n.m.r. spectrum at this temperature showed many 
singlets in the metal bound PEt3 region, the most 
intense of which were at -4.2ppm, -3.lppm, -2.3ppm and 
-7.9ppm. As none of these showed any coupling to an 
acyl fluorine they were not able to be assigned from 
this spectrum alone. 
In this reaction attack appears to involve fluoride 
migration onto a carbonyl ligand probably associated 
with attack by Cl - . There is no evidence to indicate the 
nature of the other ligands present in the fluoroacyl 





pprr 	 ppm 	 —iOD;pm 	—ZOOpDrn 	—3Oppm 	—430pm 	—SOOppilt 
groups would not be present in a trans arrangement in 
the products. It is not unexpected that coupling between 
these and the fluoroacyl group was not resolved. This 
suggests that both if luoroacyl products contain the unit 






[Ir(C0) 3F(PEt3) 2] [BF4] 2  + [ Li] [Al (OBut )H] 
Reaction occurred at 200K to yield several 
resonances in both the metal fluoride and acyl fluorine 
regions of the 19 F( 1 H) n.m.r. spectrum. Upon warming to 
2'30K the only In-F containing species which was stable 
at this temperature gave rise to a triplet J = 32Hz at 
-374ppm. There was no coupling to any protons observed 
in this resonance upon running proton a coupled 
spectrum. There were two singlets observed at +143.4ppm 
and +150.4ppm (table 4.1) which also showed no coupling 
to protons when the 19 F( 1 H) n.m.r. spectrum was run 
proton coupled. 
The IH n.m.r. spectrum was recorded at 230K but 
showed no resonances in the metal bound hydride region. 
The 31 P( 1 H) n.m.r. spectrum at this temperature showed 
several singlets in the metal bound PEt3 region. The 
most intense of these appeared at -2.4ppm, -2.1ppm, 
-2 .Oppm. 
MV 
Again fluoride migration onto a carbonyl ligand 
appears to be involved in this reaction. There is no 
evidence however of H - incorporation in the final 
products. 
[Ir(CO)3F(PEt3)2][BF4]2 + PEtS 
No reaction occurred until 260K at which temperature 
the resonance for the title iridium complex disappeared 
from the 19 F( 1 H) n.m.r. spectrum and new resonances 
appeared at -467ppm, +141ppm and +149ppm. The latter two 
were typical of acyl fluorines (table 4.1) and appeared 
as singlets. The resonance at -467ppm was weak and 
broad. 
The 31 P( 1 H) n.m.r. spectrum showed many resonances 
in the metal bound PEt3 region at -5.4ppm, -5.2ppm, 
-3.3ppm, -2.3ppm, -1.6ppm. 
Again this reaction appears to involve fluoride 
migration onto a carbonyl ligand in contrast to the 
reaction involving PMe3 where attack of PNe3 took place 
at a metal bound CO ligand. The fact that the mode of 
attack differed from that of PMe3 was presumably for 
steric reasons as the two phosphines are electronically 
very similar. There is no evidence however of 
incorporation of a third PEt3 group in the products. 
[Ir(CO)3F(PEt 3 )2] [HF4] 2 + AsH5 
This reaction was originally attempted in CD2C12 but 
a white precipitate gradually formed in the n.m.r. tube 
upon warming and the 19F resonances due to metal bound 
fluorides disappeared from the 19 F( 1 H) n.m.r. spectrum. 
Upon repeating the reaction in acetone, reaction 
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occurred at 210K to yield two species in the metal 
fluoride region of the 19 F(IH) n.m.r. sprectrum at 
-471.7ppm and -467,4ppm. The former appeared to show a 
triplet structure of about 25Hz coupling but the 
resonance was broad and no precise value could be 
determined. The latter was also broad but showed a large 
doublet coupling of 81Hz. 
No further time was available for more complete 
characterisation of these species but the reaction was 
included to demonstrate that attack did not involve 
fluoride migration and was possibly more similar to the 
reaction involving flIe3. 
Discussion 
Two reaction types were exhibited in this chapter. 
Firstly, reaction of PMe3 with the iridium complex 
resulted in attack at coordinated carbonyl. Trimethyl 
phosphine acted as a nucleophile to give the -C(0)PMe3 
group. There was no evidence of any prior coordination 
at the metal centre or of any migration of the metal 
bound fluoride onto a carbonyl group. 
A second mode of attack involved generation of 
fluoroacyl complexes and was favoured by the reactions 
involving Cl - , H- and PEt3. The mechanism of this 
process 	is unknown but may be related to the 
rearrangement of [Ir(C0)2(C(0)NCS)F(PEt3)2] 	seen in 
chapter 3. Thus initial initial attack of Cl - or 11 may 
be occurring at carbonyl followed by a rearrangement 
process involving F - migration onto CO. Alternatively, 
rearrangement may be taking place prior to nucleophilic 
attack to generate a five coordinate unsaturated 
intermediate which would react with the incoming 
nucleophile to fill the vacant site. This type of 
process is common in the literature(1'2). 
Rearrangements 	to produce 	five 	coordinate 
intermediates of this nature have been shown to be 
disfavoured thermodynamically for electron withdrawing 
migrating groups (R)( 9 ). Also, migrations are believed 
to be more favourable upon descending a transition metal 
triad('°). Both these observations have been explained 
in terms of N-R bond strengths. A strong N-R bond is 
believed to disfavour migration. Hydrides, for example, 
are not generally observed to migrate on to CO and this 
been explained by a strong I'I-H bond('). 
These features of migration reactions suggest that 
F - migration at an iridium centre is unlikely. 
Nevertheless such a migration would offer a good 
explanation for the products observed in some of the 
reactions described and may be thermodynamically 
possible by other factors such as formation of a strong 
C-F bond. 
The reactions involving attack of H - , Cl - and 
p 
PEt3 all gave rise to two fluoroacyl conhexes in 
addition to several minor species which were detected in 
the metal fluoride region of the spectrum. This meant 
that no informative 13C n.m.r. spectra could be recorded 
and therefore full characterisation of the two 
fluoroacyl species was not possible. 
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In the cases of H - and PEt3 attack it was shown that 
there was no incorporation of H - or PEt3 in the new 
fluoroacyl complexes. This suggests that either the 
incoming nucleophile was subsequently replaced by 
another group or that initial attack took place by 
another group possibly arising from the solvent e.g. 
Cl - . This would mean that the various resonances listed 
in table 4.1 under different reaction conditions 
represented the same species being formed in each. This 
is supported by the similarities in the chemical shifts 
listed. 
In chapter 3, the reactions of SiH3Br, Me3SiC1 and 
S1H3NCS with [Ir(C0)2(COF)F(PEt3)2]' were also shown to 
give rise to new fluoroacyl products. These reactions 
support the possibility that reaction involved prior 
coordination of Br - , Cl - or NCS - at carbonyl followed by 
rearrangement involving F - migration. In the case of 
NCS - it was proven that the NCS - group bound initially 
to Co at low temperature. Upon warming to 265K a 
rearrangement took place to give two new fluoroacyl 
resonances. The reaction of [Ir(CO)3F(PEt3)2] 2 with Cl 
for example, 	may similarly involve attack of Cl - at Co 




Fluoroacyl species generated in chapters 3 and 4. 
Coupling constants are in Hz and chemical shifts in ppm. 
= [Ir(C0)2(COF)F(PEt 3 )23[3F4] 
= [Ir(CO) 3 F(PEt 3 )2] [SF4] 2 
* = no species formed 
- = no 13C enrichment used. 




6 1J0p' 3 JCF 6 'Jcp 3 CF 
(j)+SIH3NCS 250 +141.8 452 39 +149.0 418 48 
(i)+Me3SiC1 260 * * * +156.3 412 46 
(i)+SiH3Br 240 * * * +156 413 44 
(ii)+Pr4NC1 250 +141.7 - - +149 - - 
(ii)+ 
AA1(OBut)3H 230 +143.4 - - +150.4 - - 
(ii)+PEt3 260 +141 - - +149 - - 
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Reactions of Other Iridium Complexes With XeF2 
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[Ir(CO)(P11e3)4][Cl] 	+ XeF2 
The title iridium complex possesses properties 
which make it a good choice of reagent from which to 
attempt synthesis of an iridium fluoroacyl complex. It 
is five coordinate,the metal has formal oxidation state 
(I) and it contains a carbonyl ligand. P11e3 groups will 
stabilise oxidation of the metal due to their bSicity 
and cause little steric crowding at the metal. In 
addition the phosphine groups offer the possibility of 
useful n.m.r. data for full characterisation of 
products. 
Reaction with XeF2 occurred at 215X to give three 
products with F directly bound to iridium as observed 
by 19 F4 1 H) n!m,r, spectroscopy (fig 5.1). Only the major 
product was stable up to room temperature. 
The room temperatue stable species gave n.m.r. data 
summarised below, consistent with the following 
structure. 




P 8Ne 3 
2 JF a p a = 39 Hz 	 ôFa = —347.2 ppm 
2 FaPb = 40 Hz 
2 Jrapc = 140 Hz 
= 24 Hz 	 fiFb = +117.0 ppm 
33 PbPa = 3 Hz 
= 114 Hz 
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FIG 5.1 
i-lOOppni 	 Opern 	 - 1OOpm 	 -200ppm 	 - 3001Dnrn 	 -400pnm 	 -500pprn 
33 FbPC = not resolved 
2 JPapb = 23 Hz 	 6Pa = 37.4 ppm 
2 FaPc = 15 Hz 	 &Pb = —48.3 ppm 
2 Jpbpc = 12 Hz 	 6PC = —50.8 ppm 
In the 19 F( 1 H) n.m.r. spectrum the resonances at 
-347.2 ppm and +117.0 ppm were in a 1:1 ratio. The 
resonance at -347.2 ppm was in the region associated 
with F bound directly to iridium and showed the expected 
pattern of a doublet of doublets of triplets of doublets 
(fig 5.2). This arose from coupling to the trans P, cis 
Pb, the equivalent Pa groups and the acyl fluorine. As 
observed in chapter 2, the cis 2 JFp couplings are 
typically large (39 Hz, 40 Hz) when involving PMe3 
groups as these have a high % s-orbital character in the 
lone pair of the free phosphine used to bind to the 
metal. 
The resonance at +117.0 ppm was consistent with an 
acyl fluorine and appeared as a doublet of doublets (fig 
5.3) arising from couplings to the trans Pb and cis Fa. 
Couplings to the cis phosphorous groups were too small 
to be resolved in this spectrum. Once again the three 
bond trans coupling between the acyl fluorine and Pb was 
characteristically large at 114 Hz, a value not much 
smaller than a typical two bond trans coupling e.g. 
2 3Fapc = 140 Hz. 
The 31P n.m.r. spectrum was run at two different 
field strengths. Initially it was run at 81.02 MHz but 




FIG 5.2 	 Pile 3 
'F'H) n.m.r. at 29s:< 	 Ne3P 
F 	Ir 	File3 
Pile3 
e- 100Hz -9' 	 4-- 1 1-)1) 11, 
was run at 145.84 MHz (fig 5.4) demonstrating how a 
higher field can often resolve spectra of this nature. 
The patterns arising from Pb and P are clearly apparent 
in fig 5.4. 
The higher field spectrum consisted of 	three 
resonances in the ratio 2:1:1. That for P a showed a 
sixteen line pattern arising from coupling to Pb, Pc and 
Fa. The coupling to Pb was not resolved in this spectrum 
but was resolved in the lower field spectrum to give a 
value of 3 Hz (fig 5.5). This coupling was also 
unresolved in the 19F<l}J) n.m.r. spectrum. 
In order to record a high quality 'C n.m.r. 
spectrum of the above product a sample of 
[Ir(CO)(PFIe3)4][C1] was prepared with 13C enrichment on 
the carbonyl. This was carried out according to the 
scheme below. 











50% 13C enriched benzene 50% 13C enriched 
This route takes advantage of the fact that in a 
non—polar solvent such as hexane, Ir(CO)Cl(PMe3)2 binds 




fl.IlLr.  . spectrum at 188K 





[Ir(COF)F(F11e3 ) 1, ] [ C I) 
31 P('11) n.m.r. spectrum at 212K 
Resonance at -37.4ppm 
<-- 5 0 H z  
loss(').  
The enriched product was reacted with XeF2 and 13C 
n.m.r. spectrum recorded at room temperature. The 
expected pattern of a wide doublet of narrower doublets 
(fig 5.6) was observed and arises from one bond coupling 
to fluorine and trans two bond coupling to phosphorous. 
6C = +163.3 ppm 
13 CF = 434 Hz 
2 Jcp = 144 Hz 
Further detail is apparent within each multiplet but 
could not be unambiguously assigned. The couplings 
2 Jcra, 2 Jcpa and 2JCpC  would be expected to be large 
enough to be resolved but the spectrum obtained did not 
enable numerical values to be assigned to these. 
The fluoroacyl species was isolated as a white solid 
which decomposed to a brown oil within.a few seconds 
upon exposure to air. A nujol mull was prepared in an 
inert atmosphere using sodium dried nujol as the mulling 
agent and an I.R. specrtum recorded but only extremely 
weak signals were detected in the metal bound acyl 
region possibly due to the extreme air sensitivity of 
the compound. 
Attempted recrystallisations of the 	fluoroacyl 
compound using a variety of solvents and conditions 
resulted in crystals which were not of high enough 
quality for x-ray analysis. 
The other, minor species in the 19 F( 1 H) n.m.r. 
spectrum of the initial reaction solution both consisted 
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FIG 5.6 
ft (COF)  F( Pile 	[C!] 
ii.m.r. spectrum at 198K 
ha 
I-a 
+170 ppm 	 + 165 p pm 	 +160 p cm 	 +15 5 ppm 
of metal bound fluorides with a doublet of quartet 
pattern. Both products were unstable above 215K and the 
resonances were not strong enough to be detected in the 
31P{1}j) n.m.r. spectrum. 
Ir(CO)2Cl(PMe3)2 + XeF2 
The title iridium complex would be expected to react 
readily with XeF2 to give a fluoroacyl complex due to 
its comparatively electron rich nature and its 
sterically uncrowded ligands. Furthermore the product 
geometry could give important insights into the reaction 
mechanism and/or thermodynamic stability of products. 
One major drawback however was the rapid Co loss of 
this compound in air or solution. Because of this-the 
compound was added to the n.m.r. tube under a stream of 
CO and only dissolved in the solvent once the tube was 
in the n.m.r. probe at -900C with XeF, present. 
Reaction occurred from 210K onwards to give several 
species observed in the 19 FC 1 H) n.m.r. spectrum, one of 
which was stable up to room temperature. Initially at 
210K, two metal bound fluoride resonances were observed. 
Both appeared as doublets of triplets, the more intense 
at -402.7 ppm (doublet 49 Hz of triplets 21 Hz) and the 
less intense at -287.4 ppm (doublet 45 Hz of triplets 32 
Hz). 
Both these species were unstable above 250K and 
their low concentrations prevented the recording of a 
sip n.m.r. spectrum. The fact that the fluoride in each 
appears to couple to three phosphines however suggests 
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that they arise due to the presence of free PMe3. 
At 250K, four strong new resonances appeared in the 
19 F{'H) n.m.r. spectrum at -451.7ppm, -323.lppm, 
+107.3ppm and +135.3ppm. Two were in the Ir-F region and 
two in the region associated with acyl fluorines (fig 
5.7). Each of the metal bound fluoride resonances were 
in a 1:1 ratio with one of the acyl fluorine resonances. 
Thus it appeared initially that two fluoroacyl complexes 
had been formed. One of these was of higher intensity 
than the other. N.M.R. data for these is summarised in 
table 5.1 and corresponds to the proposed structural 









'' F( 1 II) n.ni.r. spectrum at 230K 




6F 8 —451.7 ppm —323.1 ppm 
óFb +107.3 ppm +135.3 ppm 
6? —30.9 ppm —18.9 ppm 
2 FaP 25 	Hz 38 	Hz 
2 Jrbp 0.6 	Hz not resolved 
3 JpaFb 19 	Hz* 8 	Hz 
* only observed in the resonance at +107.3 ppm 
The major product was stable up to room temperature 
and displayed n.m.r. parameters consistent with the 
above structure except for the absence of any coupling 
to Fb in the Fa resonance. The connection between the 
two resonances seems difficult to escape. Fb clearly 
showed a doublet coupling of 19 Hz (fig 5.8) at 235K and 
the only resonance in either 19F{1H) or 31 P( 1 H) n.m.r. 
spectra of equivalent intensity to which it could be 
coupling was the Fa resonance. 
Considering only the 19F n.m.r. spectra, this could 
perhaps be explained by the fact that below 235K, the Fb 
resonance was broad and presumably undergoing an 
exchange process which might decouple it from Fa, 
whereas above 235K, when Fb gave a sharp peak, Fa was 
broad and no structural detail could be determined from 
it. It is not known what exchange processes were 








that the acyl fluorine resonance showed the reverse 
behaviour to that observed in chapter 2 and broadened on 
warming rather than cooling. 
As a further complication, at room temperature in 
the 31F{1H) n.m.r. spectrum, coupling between FL and P 
was observed at 0.6 Hz (fig 5.9). This value is towards 
the limit of observable couplings but if it were real 
then it would discount the possibility of an exchange 
process decoupling FL. On the other hand, it further 
verifies the occurence of F and FL in the same 
molecule. 
As this was the only room temperature stable 
species, an attempt was made to isolate it. Initially a 
clear oil was formed after removal of solvent but this 
rapidly turned into a waxy yellow solid on further 
pumping which showed no acyl bands in the I.R. spectrum. 
An attempt was made to record a 130 n.m.r. spectrum 
but as no 'C enriched Ir(C0)20l(flfe 3 ) 2 was available 
the species decomposed over the long time scale of the 
experiment. 
The minor species gave n.m.r. parameters which were 
fully consistent with the proposed structure. Fa gave a 
resonance in the metal bound fluoride region showing a 
triplet coupling to the phosphines and doublet coupling 
to FL. Both FL and the phosphines showed corresponding 
doublets. No coupling was resolved between FL and P. 
This species was less intense than the fluoroacyl 
complex previously described at all temperatures and 
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FIG 5.9 
Ir(CO)2C1(PMe3)2 + XsF2 
n.rn.r. spectrum at R.T. 
I-. 
'0 
—Zôppm 	—2Sppin 	—3Opprn 	—32pprn 	—34pprn 
decomposed on warming to room temperature. Again in 
contrast to what was observed in chapter 2, the acyl 
fluorine was sharp at low temperature. 
The identity of the remaining two coordination sites 
in the fluoroacyl molecules above has not been 
established but the most- likely groups occupying them 
are Co and Cl as implied by the iridium(I) starting 
material and thus the two species could arise from 
different geometric isomers. The low chemical shift of 
the metal fluoride in the major species (-451.7 ppm) is 
consistent with a trans halide(2 ,3 ). The minor species, 
in contrast, has a fluoride chemical shift of –323 ppm 
which is not expected for a fluoride trans to another 
halide but is within the range expected for a trans CO 
group( 2 ' 3 ). This would give rise to the species below. 
Major 	 Minor 





—COCl F—Ir  
N 
C(0)Fb 	 C(0)Fb 
Pile3 	 Pile3 
This however does not account for the greater 
intensity and temperature stability of the major 
species. It seems surprising that the complex with two 
halides in a trans arrangement should be the more 
stable isomer. One possible explanation for the greater 
intensity of the major product concerns the mechanism 
proposed in appendix A. According to this suggestion F 
would be expected to attack one of two species formed by 
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reaction of Ir(CO)2Cl(PNe3)2 with XeF. Of the two 
species given below the precursor to the major product 
would be expected to more readily undergo nucleophilic 
attack at carbonyl because the CO groups are in a trans 
arrangement i.e. trans to it acceptor ligands rather than 
a it donating halide. 
Pile3 	+ 	 Pilea 	+ 
OC 	 F 
F 	Ir — CO 	 OC 	IrCO 
Pile3 	 Pile3 
	
precursor to minor 	precursor to major 
product 	 product 
This explanation remains in doubt however as the 
mechanism may involve fluoride migration onto a cis 
carbonyl rather than nucleophilic attack of F - at 
carbonyl. 
Ir(CO)2Cl(PPh3)2 + XeF7 
This reaction was carried out in an attempt to 
synthesise species analogous to those produced in the 
reaction of Ir(CO)2C1(Pfle3)2 with XeF2. Reaction however 
occurred in a different manner and may give information 
concerning the steric requirements of fluoroacyl 
formation. Again this species underwent ready CO loss 
and was therefore not allowed to dissolve until the 
n.m.r. tube was in the n.m.r. probe with XeF2 present at 
200K. 
Reaction occurred from 200K upwards to give many 
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resonances in the 19 F{ 1 H) n.m.r. spectrum in the region 
associated with iridium bound fluoride. Only one of 
these at -340.2 ppm was observed up to room temperature. 
This species showed a triplet in the 'F{'H) n.m.r. 
spectrum and a corresponding doublet in the 31 P< 1 H) 
n.m.r. spectrum at -8.75 ppm ( 2 3Fp = 27 Hz) The 19 
chemical 	shift was typical of fluoride trans to 
carbonyl 23 ). As the species (Ir(C0)3F(PPh)3] 2 	was 
characterised in chapter 2 and gave different n.m.r. 
parameters, it seemed most likely in view of the 
starting Ir(I) complex that the product in this reaction 






It cannot be ruled out however that Cl - could have 
been abstracted from the solvent to give a complex 
Ir(C0)C12F(PPh 3 ) 2 with trans chlorides and F trans to 
The most important point to arise from this reaction 
is that at no stage was any stable fluoroacyl complex 
formed. Although no quantitative measure can be made, 
the complex Ir(C0)2C1(PPh3)2 appears to be a good 
candidate for oxidative attack by XeF2 on grounds of 
basicity. It seems likely then that formation of a 
fluoroacyl complex did not take place due to the steric 
bulk of the PPh3 ligands. 
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On the same basis the reaction described in chapter 
2 between [Ir(CO) 3 (PPh 3 ) 2 ] 	and XeF2 may have been 
r 
unfavouable on steric rather than electronic grounds. 
The successful fluorination of [Ir(CO)3(PPh3)2]+ with 
XeF2 + BF3 may have been due to the lack of formationAa  
sterically bulky -C(0)F ligand rather than any 
electronic reasons. Obviously however, the reaction of 
[Ir(CO)3(PPh3)2] with XeF2 may have been unfavourable 
on steric and electronic grounds, both of which became 
more favourable on the addition of BF3. 
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Vacuum Line Techniques 
Volatile materials were handled using a vacuum line 
of conventional design(') . The line was constructed from 
detatchable sections joined by ground-glass joints to 
facilitate cleaning and Apiezon L and N greases were 
used on joints and taps respectively. Vacuum was 
maintained using a mercury diffusion pump assisted by a 
rotary pump with any pressure of non-condensible gas in 
the line monitored by Pirani type gauge. 
Pressures in the line were measured using a spiral 
gauge with mirror, used as a null-point instrument with 
lamp and scale. Schlenk tubes were attached to the line 
using a cone-to-cone adaptor and detachable reaction 
ampoules were fitted with Rotaflo or Sovirel greaseless 
taps. The volume of the line was calibrated using a 
molecular-weight bulb. Accurate volumes for individual 
sections combined with pressure readings allowed 
quantitative measurements of volatile materials. 
Handling of Air-sensative Solids 
Air-sensitive solids were handled using a Schlenk 
vacuum and nitrogen line. High purity nitrogen (B.0.C. 
white spot specified less than 0.5% 1420 and 02) was 
used. Reactions were carried out in Pyrex reaction 
vessels with side arms to allow admission of nitrogen or 
evacuation of solvents and were agitated by Teflon-
coated magnetic stirrer bars. 
Reactions in Sealed n.m.r. Tubes 
Many of the reactions discussed in this thesis were 
carried out in sealed n.m.r. tubes in order to observe 
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the reactions as they took place at low temperatures. 
All reactions were carried out in CD2C12 unless 
otherwise stated. 
Reactions involved two main methods. 
(i)Metal compound + XeF 2 : 
0.05- 0.1 mmol of the appropriate metal compound was 
weighed into a 5mm n.m.r. tube blown onto a BlO cone and 
connected to the vacuum line via a tapped adaptor with 
side arm. 3cm of deutera.ted solvent was condensed in at 
77K, warmed to dissolve the solid, then refrozen. 
Xenon difluoride was added to the frozen solution 
under a flow of nitrogen through the side arm. The 
n.m.r. tube was reattached to the vacuum line where it 
was evacuated and sealed. Tubes were stored at liquid 
nitrogen temperature until required. 
(ii)Fluoroacyl compound + volatile reagent: 
The procedure above was followed until the xenon 
difluoride was added. At this point the solution was 
warmed to room temperature until bubbling had ceased, 
thus allowing the fluoroacyl species to form. After 
refreezing, the desired volatile reagent was condensed 
in at 77K and the tube sealed and stored until use. 
To generate [Ir(CO)3F(PEt3)2][BF4]2 the tube was 
allowed to warm up after BF3 addition; then a second 
reagent could be added by condensing it in if it was 
volatile or by adding it under a flow of nitrogen if it 
was a solid. 
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Solvents used were of commercial grade and were purified 
as follows: 
CH2C12 - Predried over Cad2, distilled from CaSO4 and 
stored over roasted 4A molecular sieve. 
Et20 	- Distilled from MAlE4 and stored over sodium 
wire. 
Hexane - Distilled prior to use. 
N.m.r. solvents were stored over roasted 4A molecular 
sieve and distilled prior to use. 
Instruments 
Variable temperature n.m.r. spectra were recorded 
on the following fourier-transform spectrometers. 
Chemical shifts were positive to high frequency of the 
following standards, 85% H3PO 4 (for alp), CFC13 (for 
19 F), SiNe3 (for lH and 13 C) 
Spectrometer 	Nucleus 
Jeol FX90Q 	 31p 
Bruker WP80 
Br-ulcer WP200 
Bruker WH360 	13C,31p 
Infra-red spectra were recorded on a Perkin-Elmer 
598 double-beam spectrometer. Volatile reagents were 
checked for purity in an I.R. cell fitted with KBr 
windows. Metal substrates were checked by running nujol 
mulls between KBr plates. 
Highly air sensitive compounds were handled and 
stored in a Vacuum/Atmospheres corporation Dri-Train. 
X-ray Crystallography was conducted using a Stoe 
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STADI-4 diffractometer with Mo Ka radiation (0.7107A) 
and the structure solution program SHELX. 
Infra-red spectra of Air-sensitive Products 
Compounds to be studied were dispersed as a mull between 
KBr plates. Nulls were prepared in the Dri-train under 
nitrogen using degassed, sodium dried nujol as the 
mulling agent. 
Preparation of Metal Compounds 
Ir(CO)Cl(PPh3)2( 2 ) (Vaska's compound) 
IrC1 3 .3H20 and PPh3 were refluxed in dimethylformamide 
for twelve hours under N2. Product was precipitated with 
methanol and filtered in air. 
[Ir(CO)(PMe3)41(Cl]( 3 ) 
Vaska's compound was stirred in benzene with four 
equivalents of trimethylphosphine. Product precipitated, 
was filtered off and washed with benzene. 
Ir(CO)Cl(PMe3)2(3) 
[Ir(CO)(PMe3)4][C1] was sublimed at 150°C two or three 
times until only Ir(CO)Cl(PNe3)2 remained on the 
sublimer probe. 
Ir2Cl2(C8H14)2' 4 ) 
IrC13.31120 (1g) was refluxed for three hours with 
propan-2-ol (llml), I{20 (4ml) and cyclooctene (2m1) 
under N2. Product precipitates on cooling and was washed 
with cold methanol. 
Ir(CO)Cl (PEt3) 2 
CO was bubbled through a slurry of Ir2Cl2(C8H14)2 in 
degassed acetone for four minutes. Triethyl phosphine 
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(two equivalents) was added dropwise to the resultant 
deep blue solution and stirred until a yellow colour 
appeared. Cyclooctene was removed by heating to 80°C for 
a few hours and the product was isolated by sublimation 
under vacuum at 120°C. 
(vi) Ir(C0)Cl(L)2 
(L= P(C6H11)3, PPhEt2, PPh2Et, PPhMe2, PPh2Me) 
These compounds were all prepared by phosphine exchange 
with Vaska's compound using methods modified from 
literature methods.( 2, 6) The table below outlines the 
solvents and isolation methods used for each. 
L solvent/time purification 
toluene washed with 
5min stir ethanol 
PPhEt2 benzene hexane ref lux, 
10min ref lux extraction with 
benzene/methanol 
PPh2Et . 	 toluene washed with 
5min stir ethanol 
PPhMe2 benzene heated under vaccun 
10min reflux hexane reflux twice 
PPh2Me benzene hexane reflux 
lOmizi ref lux extraction with 
benzene/methanol 
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(Ir(CO)3(L)2] [AsF6] (7) 
(L=PEt5, 	Pilea, 	P(C61111)3, PPhEt2, PPh7Et, PPh}1e2, 
PPh2Ne, PPh3) 
Co was bubbled through a solution of Ir(CO)Cl(L.)2 in 
acetone in the presence of NaAsF 5 . NaC1 was filtered off 
and the product crystallised with diethylether. 
[Ir(CO)3(P11e3)21[AsF6] and [Ir(CO)3(PNe2Ph)2][AsF6] 
were not documented in the literature so their identity 
was confirmed by C and 1-1 analysis. 
[Ir(CO)3(PEt3)2][AsF5]: 	Caled. 	for C 9 H 13 A5F 6 IrO3P2: 
C,17.50; 	1-1,2.94. 	Found: 	C,17.53; 	1-1,2.97. 
(Ir(CO)3(P1'le2Ph)2][A5F6]: 	Calcd. 	for C 19 1-122AsF 6 IrO3P2: 
C,30.76; H..2.99. Found: C,29.41; H,3.03. 
Ir(C0)2C1(PMe3)2( 10) 
Ir(CO)Cl(PMe3)2 was washed through a frit with hexane 
and the solution treated with Co until a white 
precipitate formed. Hexane was pipetted off under Co and 
the product dried in a stream of CO. 
Ir(CO)2C1(PPh3)2 
Ir(CO)Cl(PPh3) 2 	was 	washed through a 	frit 	with 
tetrahydrofuran and the solution treated with CO until a 
white precipitate formed. Tetrahydrofuran was pipetted 
off under CO and the product dried in a stream of CO. 
Preparation of Carbon-13 Enriched Compounds 
(1) (Ir( 13 C0) (PEt3) 2] [SF4] ( 8) 
[Ir(CO)3(PEt3)2][BF4] was dissolved in tetrahydrofuran 
and shaken with a pressure slightly less than 1 
atmosphere of 13 C0 (Aldrich 99 atom% 13C) to allow CO 
exchange. aip n.m.r. showed enrichment to be 
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approximately 50%. Generally this was mixed with some 
non-enriched [Ir(CO)3(PEt3)21[BF 4 ] to produce an overall 
enrichment between 5-15% per carbonyl. This allowed the 
ready recording of 13C n.m.r. spectra without the 
complicating factor of strong carbon satellites. 
(ii)[Ir( 13C0)(P14e3)41[Cl] 
Ir(CO)Cl(PNe3)7 was dissolved in hexane by washing 
through a frit and treated with 1 C0 (Aldrich 99 atom% 
'SC) until a white precipitate of Ir(C0)( 13 C0)Cl(PMe 3 )2 
was obtained. Hexane was pipetted off and vacuum applied 
to regenerate Ir(C0)Cl(P11e 3 ) 2 , 50% 13C enriched. This 
was dissolved in benzene and two equivalents of Pfle3 
condensed in to form [Ir(C0)(Pfle 3 ) 4 ][C1], 	50% 
enriched which was washed with benzene and vacuum dried. 
Preparation of Volatile Compounds 
(I) SIH3 13 CN( 9 
SiH 3 Br was condensed into an ampoule 	containing 
carefully dried Ag 13 CN (precipitated from AgNO3 and 
K 13 CN) and warmed to room temperature. Volatiles were 
stopped in a trap held at -78°C. 
SiH3NCS 
Prepared as above. AgNCS was precipitated from AgNO3 and 
KNCS. KNCS was prepared by ref luxing XCN with sulphur in 
acetone. 
SiH3 1 NCS 




Prepared from P(OPh)3 + EtMgBr in a process analogous to 
literature methods. 
PMea( 12 ) 
Prepared from P(OPh)3 + MeMgI. Product isolated and 
stored as an adduct with AgI in a process analogous to 
literature methods. PMe3 was recovered from the adduct 
by heating under vacuum. 
Me3SiH 
Prepared from Me3SiC1 + LiAlug. Product purified by 
fractionation on the vacuum line. 
PEt2Ph, 	PEtPh2, 	PMe2Ph, 	PMePh2, PCy3, PPh3 were 
purchased from various chemical companies and purity 
checked by 'P('H) n.m.r. spectroscopy. 
Me3SiCl, 	N?1e3 1 	Pr4NC]., 	SHeEt, LiA1(OBut)3H - were 
purchased from various chemical companies and dried and 
purified as appropriate. 
SiH3NMe2, SIH3NCO, SiH3N(PF2)2, SiH3Br, AsH3, SiH3CN 
Kindly supplied by Dr. S.G.D. Henderson 
BF3 Kindly supplied by Dr. P.G. Watson 
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APPENDIX A 
Mechanism of XeF2 Addition to Five Coordinate 
Iridium Carbonyl Complexes 
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Proposed mechanisms of the oxidative additions 
described in this thesis are discussed in this appendix. 
There have been several observations made involving 
different reactions which may have relevance to the 
mechanism and these will be discussed in this section. 
Oxidative addition to five coordinate metal 
compounds is established in the literature and generally 
proceeds via loss of one ligand from the original 
coordination sphere of the metal(123. 
e.g. Fe(CO)5 + CF3I 	373K > Fe(CO) 4 (CF 3 )I + CO 	(4,5) 
As outlined in chapter one these have been shown to 
take place via two mechanisms: firstly, by initial 
ligand loss to form a four coordinate intermediate(6), 
and secondly by formal addition of a positive fragment 
from the addendum followed by ligand substitution to 
incorporate the negative fragment' 7 ). 
Obviously in the case of the XeF2 additions to form 
fluoroacyl complexes no ligand loss occurrs as one 
fluorin! attaches onto a CO ligand. This means that only 
the latter process of initial addition of a formally 
positive fragment offers a precedent established in the 
literature. 




PEt3 	+ 	 PEt3 	2+ 
ocN 	
oC  
Ir—CO 	FXe 6 F 6- 	F 	Ir__ Co 
OC 	 Co 
- 	PEt3 	 L PEt3 
+ F - + Xe 
In contrast to literature examples however the 
subsequent stage would not be CO replacement but 
formation of the fluoroacyl group. 
i.e. (reaction A(ii)) 
PEt3 	2+ 	 PEt3 	+ 
OC 	 OC 
F 	Ir 	CO 	F- 	F 	Ir 	CO 
CO I C(0)F1 
L 	PEt3 	 L PEt3 	J 
• The feasability of reaction A(ii) was demonstrated 
in chapter 4 in the reaction: 
[Ir(CO)3F(PEt3)2][BF4]2 	) [Ir(CO)2F(COF)(PEt3)2][BF4] 
+ Nile3 	 + BF3.NMe3 
The F- generated when NIle3 attacked BF4 - to form the 
adduct BF3.NNe3 attacked the metal complex in a process 
equivalent to reaction A(ii). It is noteworthy that the 
attack of F - in this reaction was specifially at CO 
trans to CO to give only the product actually observed 
in the XeF2 addition reaction. 
Two possib\lities for the mechanism of 	reaction 
A(ii) can be envisaged. 	Firstly, 	F- may 	attack 
coordinated CO in a nucleophilic manner to form the 
C(0)F 	group. 	Alternatively, 	the 	complex 
137 
[Ir(CO)3F(PEt3)2] 2 	may undergo prior 	rearrangement 
involving fluoride migration onto a cis carbonyl to form 
an unsaturated intermediate with can be attacked by 
incoming F - at the iridium centre. The former process 
would be expected to give a fluoroacyl group cis to the 
fluoride as the cis carbonyls would be more susceptible 
to nucleophilic attack. The latter process would also be 
expected to give a fluoroacyl group cis to the fluoride 
as migrations typically occur onto a cis group. It can 
not be demonstrated from this reaction which mechanism 
is implicated. 
In chapter 5 it was demcPstrated that fluoride 
migration appears to be possible in these systems when 
attacked by an incoming nucleophile such as Cl - or F1. 
This supports the possibility of fluoride migration when 
these systems are attacked by F - . It was also 
demonstrated in chapter 5 however that the complex 
[Ir(CO)3F(PEt3)2]2+ could be attacked at coordinated 
carbonyl by PIle3. This provides support for the 
possibility that F - attacks directly at Co. 
There was no evidence of replacement of CO in this 
reaction. This suggests that the mechanism hinges on the 
formation of the compound [Ir(C0)3F(PEt3)7] 2 + which 
although stable is susceptible to attack by F - . 
It was desirable then to study the feasibility of 
reaction Mi). The reaction documented in chapter 2 to 
produce [Ir(CO)3F(PPh3)2] 2 t by reaction of 
[Ir(CO)3(PPh3)2] 	with XeF provided a precedent for 
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reaction A(i) to occur. In this system XeF2 did not 
react directly with the iridium cation, showing that the 
complex was synthesised by XeF attack and not F 
abstraction from a preformed fluoroacyl complex. 
These reactions demonstrate that both stages of the 
addition mechanism proposed are chemically possible in 
this system. 
One other reaction which had bearing on the findings 
above was that between Ir(CO)2Cl(P11e3)7 and XeF2. 
Following the proposal above, initial attack by XeF 
would result in two intermediates: 
PMe3 	+ 	 PIle3 
OC 	 F 
'F 	
Ir__ 




I Cl 	 I Cl 
L 	PIle3 	 L 	PIle3 
intermediate(i) 	 intermediate(ii) 
Intermediate(ii) would obviously give rise to only 
one product upon F - attack with the F and COF ligands in 
a cis arrangement regardless of whether the F - attacked 
at the carbonyl or prior fluoride migration took place. 
It is believed that this product was observed. 
Attack upon intermediate(i) however is less easy to 
predict. From the ideas presented in chapter 4, the 
carbonyl most susceptible to nucleophilic attack would 
be that with the higher stretching vibration arising 
from reduced 'it backbonding to it. This in turn is 
heavily influenced by the nature of the ligand 
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positioned trans to the carbonyl. Despite the higher a 
electronegativity of fluorine compared with chlorine, 
there is evidence to suggest that it lowers the 
frequency of a trans carbonyl more 8 . For the series of 
compounds trans M(CO)X(PPh3)2 (N = Rh,Ir; X = 
F,Cl,Br.I), it has been shown that the stretching 
frequency of the carbonyl group increases with the order 
F < Cl < Br < I of trans ligands(8). 
There was strong evidence presented in chapter 5 
that a product with F - attack trans to chloride was 
observed on intermediatè(j) but that attack trans to 
fluoride was not. Although there was some doubt as to 
the exact nature of the products of this reaction, it 
was evident that both products contained fluoroacyl 
groups cis to the metal bound fluoride. No evidence of a 
trans F-Ir-C(0)F was observed at any stage. Such a 
species would be expected to be clearly apparent from 
the magnitude of 3 JFF as it has been noted in this 
work that three bond trans couplings through an acyl 
group are unusually large. 
Provided that attack on intermediate(i) would be 
expected to be exclusively at CO trans to chloride such 
that no attack trans to fluoride was observed then this 
0 
reaction supports the mechanism of nuclephilic attack of 
F on the metal carbonyl. 
It appears to provide stronger evidence however for 
a fluoride migration process. Such a process when 
occurring on intermediate(i) would specifically give 
only the product with the fluoride cis to the C(0)F 
140 
group and no product with the fluoride trans to the 
C(0)F group. This agrees with the products observed. 
Alternatively, there is the possibility that the cis 
arrangement of products in all these reactions could be 
explained by a concerted mechanism for XeF2 addition as 
this would give rise only to products with F and COF in 
a cis arrangement. The steric requirements of a 
concerted reaction however are not known. 
In conclusion then reactions have been presented 
which prove the feasability of the stepwise mechanism 
described which also has precedents in literature 
examples. The second stage of this mechanism may take 
place via F - attack at CO or by F - migration. Both these 
appear to be possible in the reactions presented in 
chapter 5. 
This does not however offer any proof that this 
mechanism takes place in practice. Another mechanism 
such as concerted addition of the XeF2 across the metal 
would also account for the product distributions 
observed in these reactions. 
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APPENDIX B 
Crystal Structure of [Ir(PMe3)4H(NCCH3)][BF4]2 
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The 	structure 	determination 	Of 
[Ir(P11e3)4(CH3CN)HJ[BF4] 2 arose from an attempt 	to 
crystallise {Ir(COF)F(PMe 3 ) 4 J [BF 4 ] . The fluoroacyl 
complex was shown to be stable for periods of some weeks 
at room temperature in a sealed n.m.r. tube using CD3CN 
as the solvent. On this basis an attempt was made to 
grow crystals from CH3CN by layering with Et20 in a tube 
sealed with grease and Nescofilm. 
Crystals grew which proved to be the 	title 
compound. Presumably there was some leakage of air and 
moisture into the crystalliser which resulted in the 
decomposition of the fluoroacyl complex. As the 
crystallised iridium complex bears a 2+ charge it is 
clear that the components left in solution were 
different from the crystalline phase and thus there was 
no simple route to the decomposition product. 
The metal hydride could form via hydrolysis of the 
COF group by a route known for organic COF groups 
Ir-COF 	H20 > Ir-CO2H 	-0O2> 	Ir-H 
There 	is 	no obvious mechanism however for the 
incorporation of the CHSCN ligand into the complex. 
The complex crystallised in the space group P21/n in 
a monoclinic unit cell with dimensions a = 22.676(1)A, b 
= 10.405(1)A, c = 22.676(1)A, p = 90.84(1)c. The 
structure solution and refinement were based on 6410 
data recorded at 150 K. The structure was partially 
refined to clearly show the molecular connectivity and 
geometry but still indicates substantial disorder. 
The unit cell contains two enantiomers (fig B.l, fig 
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B.2). The geometry around iridium is tabulated in table 
B.1. The hydride was not located but its presence was 
inferred by the charge balance and by the available site 
on the iridium ion. 
From the bond lengths around iridium the relative 
trans influence of the ligands around iridium increases 
in the order NCCH3 < PMe3 < Hm• This order is consistent 
with that expected from literature data(' 0 ). 
Table B.1 
Coordination Geometry of Iridium Atoms 










Ir(1) - P(l) 
Ir(1) - P(2) 
Ir(].) - P(3) 
Ir(1) - P(4) 
Ir(1) - 	 14(1) 
P(1) 	- Ir(1) - P(2) 
- Ir(1) - P(3) 
P(1) 	- Ir(1) - P(4) 
- Ir(l) - 	 14(1) 
- Ir(l) - P(3) 
P(2) 	- Ir(1) - P(4) 














P(3) 	- Ir1) - P(4) 
P(3) 	- Ir(1) - N(1) 
P(4) 	-  - N(1) 
Iridium 2 
Ir(2) - P(5) 
Ir(2) - P(6) 
Ir(2) - P(7) 
Ir(2) - P(8) 
Ir(2) - N(2) 
F(S) 	-  - P(6) 
F(S) 	- Ir(2) - P(7) 
F(S) 	- Ir(2) - P(8) 
F(S) 	- Ir(2) - N(2) 
P(6) T Ir(2) - P(7) 
P(6) 	- Ir(2) - P(8) 
- Ir(2) - N(2) 
F(7) 	- Ir(2) - P(8) 
- Ir(2) - N(2) 



































Attempted Reaction of fIr(CO)3(PEt3)21[BF4] with NNea 
Crystal Structure of [CH2C1NFIe3] [HF4] 
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It was shown in chapter 4 that the 	complex 
[Ir(CO)3F(PEt3)2] 2 	can be attacked by F - to yield the 
fluoroacyl complex (Ir(CO)2F(COF)(PEt3)2]. The F - was 
generated by using NMe3 to attack the counter ion BFr 
and form the adduct NMe3.BF 3 . 
It is also known that the complex [Ir(CO)3(PPh3)2] 
is susceptible to nucleophilic attack at carbonyl ligand 
by hydride, as shown by-the formation at low temperature 
of Ir(CO)2(COH)(PPh3)2( 11 ). On this basis, it was hoped 
to react the analogous complex [Ir(C0)3(PEt3)2][BF4] 
with NMe3 in an attempt to attack a carbonyl of this 
with F - by formation of an NNe3.BF3 adduct. 
Upon warming from 200 K to room temperature however, 
no reaction was observed in the I 9 F{ 1 H} n.m.r. spectrum 
with only the BF4 - resonance detected. The 31 P(IFI) 
n.m.r. spectrum at room temperature showed only a 
singlet corresponding to [Ir(CO)3(PEt3)2]. 
After standing at room temperature for several 
weeks, crystals grew in the n.m.r. tube which proved to 
be the species [CH2C1NI'1e33[BF4] (fig C.3). This species 
has, been previously detected in the literature( 12 ) as 
the Cl salt by reaction of CH 2 C12 with NMe3 at 130°C 
for three hours. 
It crystallised in the space group P21/m with a 
monoclinic unit cell of dimensions a = 5.980(2)A, b = 
7.682(2)A, c = 9.228(3)A, P = 102.78(3)°. Refinement was 
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